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IN THE PHILIPPINE IsLANDs, the genus Ternstroemia was first recog- 
nized as such when Fernandez-Villar (Noviss. Append. Fl. Philipp. 19. 
1880) transferred Lianosia toquian Blanco to the genus. Oddly enough, 
this earliest Latin description of the oldest species in the island group is 
the best and most completely understandable of all those presented to date. 

No species were added to the group until 1912, when Elmer described 
Ternstroemia gitingensis. All of the remaining recognized taxa were de- 
scribed by 1918. All told, there have not been more than ten taxa de- 
scribed or suggested for the genus in this area. In fact, except for Tern- 
stroemia toquian, all of the species presented were described by either 
A. D. E. Elmer or E. D. Merrill. 

Most of the species were described from fruiting material and it is from 
this material that the species are most easily recognized. However, the 
genus in the Philippines is, as far as I know, dioecious, androdioecious or, 
perhaps, hermaphroditic. In most instances, three different specimens are 
necessary for a complete understanding of a single taxon. In Ternstroemia 
togquian only perfect flowers have been observed, and, since I have had an 
opportunity to examine considerable material, it may be that this type of 
flower is the only type for the taxon. In T. philippinensis var. philip pinen- 
sis the plants are dioecious and both types have now been studied and 
presented here. In T. philippinensis var. megacarpa, also dioecious, only 
pistillate flowers and fruit have been studied. The much misunderstood 
T. urdanatensis is androdioecious. In this taxon, fortunately, both stam- 
inate and pistillate flowers were available. The pistillate flowers have well- 
developed stamens but these are much reduced in number. The pistillate 
flowers of T. gitingensis are still undescribed, only staminate flowers and 
fruit being available at this time. 

Seldom have specimens in this group been collected at anthesis or near 
anthesis. Either fruiting specimens or those with flower buds constitute 
the extent of the material available. In a way, this is understandable, for 
the petals of fully mature flowers tend to separate from the flower and 
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drop quickly, usually in a single day, taking with them the attached 
stamens leaving only the calyx and pistil. Furthermore, the buds are so 
large and so tightly enclosed that when present they are often mistaken 
for fruits. Many of the early collections were made by native collectors 
who were very inexperienced. 

The collections made by these collectors had con given herbarium 
numbers and these numbers when cited in the present paper have the 
initials of the herbarium between the collector’s name and the number. 
The initials used in this paper are PBS (Philippine Bureau of Science), 
PBF (Philippine Bureau of Forestry) and PNH (Philippine National 
Herbarium). 2 

The description below applies to the entire genus, the portions in- 
applicable to the species of the Philippine Islands being enclosed in 
brackets. 


Ternstroemia Mutis ex Linnaeus f. Suppl. Pl. 39. 1781. 


Flowers androdioecious, dioecious, hermaphroditic. Sepals 5, imbricate, 
persistent. Petals 5, connate at the base, free or joined to the middle; 
stamens 15—«, 2—several-seriate, rarely 1-seriate; filaments connate, the 
outer adnate to the base of the corolla; anthers oblong or linear, usually 
shorter than the filaments, dehiscing longitudinally, the connective usually 
projected into an apiculate or caudate appendage, rarely muticous. Ovary 
2[{3, rarely 1]-loculate, the ovules in each locule 2-16, rarely solitary, 
pendulous from the apex of the placenta on more or less evolute funiculi. 
Style 1, entire or 2[or 3]|-parted; stigma or stigmata punctiform or evo- 
lute, entire or lobate. Fruit irregularly dehiscent, often explosively so. 
Seeds usually 4, rarely 2-16; testa opaque, smooth, rarely plicate-rugulose, 
yellow, usually covered with reddish, many-celled papilli; endosperm 
pulpy, + developed, seldom lacking; embryo bent nearly double, oily, 
with half-terete or flat cotyledons. 

Glabrous trees, shrubs, lianas or epiphytes, with branches usually ver- 
ticillate or subopposite. Leaves spirally disposed, congested or verticillate 
at the apex of the current year’s growth, usually coriaceous, rarely charta- 
ceous, entire or subentire. Flowers axillary, solitary, bracteolate, the 
bracteoles 2 [rarely 4], oppusite or subopposite, placed immediately below 
the calyx, rarely with one somewhat removed and alternate on the pedicel. 


TYPE SPECIES: Ternstroemia meridionalis Mutis ex Linn. f. 


KEY TO THE SPECIES 


1. Fruits huge for the genus, 6 cm. long, 4-5 cm. diameter, orange-red in color. 

2. Pedicels measuring up to 4 cm. long; bracteoles quickly caducous. .... 

TAPS Not Nae Bae ts Sees hs T. philippinensis var. philippinensis. 

2. Pedicels much longer, usually about 10 cm. long; bracteoles persistent, 

foltaceOUS; Bea te eer ee me eee T. philippinensis var. megacarpa. 

1. Fruits much smaller, 1-2.5 cm. long, 1.5-2.5 cm. diameter, yellow, orange- 
yellow or reddish yellow. 
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2. Fruit and ovary 2-locular, many seeded (16-24) and multiovulate. .... 
Eo sp oo a SON Sees Se Ne ge ere T. urdanatensis. 

2. Fruit and ovary 2-locular, few seeded (2-4) and pauciovulate. 
3. Bracteoles 2, persistent, alternate, 5 mm. from each other below the 
calyx; leaves generally acute at the apex............... T. toquian. 
3. Bracteoles 2, quickly caducous, opposite, immediately below the calyx; 
leaves generally rounded at the apex, occasionally emarginate. ...... 
Re eT ee eae ka Ce ee ee ys ee ee T. gitingensis. 


Ternstroemia philippinensis Merrill, Philipp. Jour. Sci. Bot. 11: 196. 
1916; Enum. Philipp. Fl. Plts. 3: 72. 1923. — Melchior, Nat. Pflan- 
zeniam. ed. 2521: 142. 1925: 


T. philippinensis var. philippinensis 


Tree 15—18 m. high; branchlets terete, grayish brown, 5—7 mm. diam- 
eter. Leaves thick-coriaceous, near the ends of the branchlets, generally 
not verticillate, oblong-oblanceolate, occasionally oblong-obovate, 12-25 
cm. long, 4—7.5 cm. wide, broadly acuminate at the apex, cuneate at the 
base, the midrib canaliculate above, elevated below, the primary veins 
ca. 12 pairs, quite indistinct, usually arching upward near the margin, 
finally anastomosing, the petiole sturdy, 1-3 cm. long. Plants dioecious. 
Staminate flowers solitary; pedicel 1.5—2.5 cm. long, thick, swelling at 
apex to 5 mm. diameter; bracteoles 2, opposite, about 4 mm. below calyx, 
quickly caducous, dropping off before anthesis; no mature flowers avail- 
able, the flower buds compact, ca. 1.2-1.5 cm. diameter; calyx lobes 5, 
rounded, very much (4 mm.) thickened at base, unequal, steadily in- 
creasing in size from the outer to the innermost lobe, the two outer 5-6 
mm. long, 6—7 mm. wide, the three inner measuring 7 K 8 mm., 8 X II 
mm. and 10 & 12 mm.; petals 5, somewhat thickened (5 mm. at center), 
large, rounded, 2.5 cm. long, 2 cm. wide; stamens many, ca. 120 (closely 
attached in bud, probably more than 120), seemingly 4-seriate, unequal, 
the largest ones 8 mm. long, the filament 2 mm. long, joined at the base 
and adnate to the base of the corolla, the anthers 4 mm. long, the pro- 
jection acuminate, 2 mm. long; ovary vestigial. Pistillate flowers solitary; 
pedicel, bracteoles, calyx and corolla as in staminate flowers; staminodia 
vestigial, ca. 2 mm. long, arranged in a band at the base of the pistil; 
ovary somewhat conical ca. 4 mm. long, 5 mm. diameter at base, 2-loculate, 
usually 2 ovules in each locule, the style ca. 2 mm. long, stout, divided into 
two parts, each part topped by a capitate-peltate stigma with irregular 
digitate projections. Fruit red or orange, ovoid to globose, unusually 
large, up to 6 cm. long and 5 cm. diameter, usually rounded at the apex, 
occasionally double-beaked because of the strong, separated persistent 
styles; seeds 4, large, up to 5 cm. long and 2.5 cm. diameter, filling the 
fruit cavity, covered with an orange-red mealy aril; calyx-lobes persistent, 
thin as in flower, separated from the fruit by a noticeable spongy thick- 


ening. 
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VERNACULAR NAMES: “Arana (Bik.); barafigoi (Tag.); hindang (S. 
L. Bis.) ; pamintugon (S. L. Bis.),” fide Merrill. 


DISTRIBUTION :, Luzon, Mindoro, Samar, Sibuyan. 


Luzon: Prov. ILocos Norte: Mt. Palimlim, M. Ramos PBS 33302 (a), Aug. 
1918. Prov. ZamBaLes: Mt. Marayep, M. Ramos & G. Edano PBS 44811 
(a, Bo), Dec. 1924. Prov. Quezon: Mapatong, Tagkauayan, M. Lagrinas PNH 
39422 (A), May 29, 1959. Prov. Riza: Montalban, A. Loher 13806 (A), Jan. 
1914; Mt. Sumutan, M. Ramos & G. Edano PBS 29773 (a, Bo), July 1917. 
Prov. Lacuna: C. Mabesa PBF 26784 (a), Feb—Apr. 1917; San Antonio, 
M. Ramos & G. Edano PBS 23794 (A, BO, GH, L), Oct. 1915. PRov. CAMARINES: 
Mt. Bagacay, M. Ramos & G. Edano PBS 33841 (a), Nov.—Dec. 1918. Mindoro: 
Paluan, M. Ramos PBS 39642 (a, Bo, L), Apr. 1921; Pinamalayan, M. Ramos 
PBS 41070 (a, Bo, L), June 1922; Mt. Halcon, G. Edawo PNH 3376 (1), Jan. 
Feb. 1948. Sibuyan: Prov. Capiz: Magallanes (Mt. Giting-giting), A. D. E. 
Elmer 12296 (aA, Bo, L), Apr. 1910. Samar: Mt. Capotoan, Catubig River, in 
damp soil on forest slopes, alt. 100 m., M. Sablaya 78 (A), Feb. 20, 1916 (tree 
18 m.). 


Twenty-four specimens have been available for the present study of 
this species; of these, sixteen possessed fruit while thirteen had tight buds. 
In some instances buds and fruit were found on the same specimen. How- 
ever, in no instance was there open flowers —or flowers near anthesis. 
Apparently, mature flowers of the species have never been collected. In 
the original citation, Merrill recorded eight numbers. In his description 
he mentioned only the bud, which he obviously failed to dissect, since he 
made no mention of the floral parts within the calyx. My own dissections 
for this taxon were made necessarily from buds. They are, of course, very 
unsatisfactory because the mature measurements cannot be ascertained. 
Even so, the characters which may be used in preparing a key are presented 
here for the first time. 

Furthermore, with the exception of a single specimen (Sadblaya 78), no 
field notes were recorded with the specimens studied. Perhaps the original 
specimens which were deposited in the Philippine herbarium possessed 
field notes but they have been destroyed. Sablaya recorded the species as 
a tree 18 m. high growing at an altitude of 100 m. in damp soil on forest 
slopes. Merrill reported it to be a tree 15 m. occurring “in the virgin 
forest at altitudes varying from 15 to 1,200 meters, depending on the re- 
gion in which it grows.” 

The species has a rather widespread distribution (for one of this genus), 
extending from the northernmost province of Luzon, Ilocos Norte, south 
through the provinces of Zambales, Quezon, Rizal, Laguna, and Camarines, 
and into the islands of Mindoro, Sibuyan, and Samar. 

Characteristic of Ternstroemia philippinensis is the very large fruit 
measuring 6—7 cm. in length and about 5 cm. in diameter. The leaves vary 
considerably in size, from quite narrow (oblong-oblanceclate) to broad 
(oblong-obovate). The former type has a long-acuminate apex, whereas 
in the latter the apex is quite rounded and bluntly acuminate. A gradation 
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between these two extremes can be found, and occasionally both types are 
found on the same branchlet. 

In the specimens from the islands south of Luzon the leaves tend to 
be larger and obovate, similar to those found in var. megacarpa. 

Merrill, in his initial treatment of this species, separated it from Tern- 
stroemia megacarpa on the basis of “its somewhat smaller leaves and its 
much shorter flowering and fruiting peduncles.” Evidently at the time 
Merrill already had prepared the manuscript for T. megacarpa, although 
the treatment for the latter species actually did not appear until two years 
later (1918). Since Merrill did not dissect the flower buds of T. philip- 
pinensis, he did not realize that the pistillate flowers were nearly identical 
with those of T. megacarpa. He made no reference to staminate flowers 
in either species, although from his description of Ternstroemia megacarpa 
I think that the flowers he examined were staminate. 


Ternstroemia philippinensis Merrill var. megacarpa (Merrill), comb. 
nov. 


Ternstroemia megacarpa Merrill, Philipp. Jour. Sci. Bot. 13: 309. 1918; Enum. 
Philipp. Fl. Plts. 3: 71. 1923. Melchior, Nat. Pflanzenfam. ed. 2. 21: 142. 
1925. 


Tree about 12 m. high; branches grayish brown, terete, roughened by 
leai-scars 5 mm. in diameter, the young branchlets smooth. Leaves cori- 
aceous, oblong-obovate, large, 15-40 cm. long, 7-12 cm. wide, broadly 
acuminate at the apex, cuneate at the base, the midrib canaliculate on the 
upper surface, elevated below, the primary veins 10-15 pairs, anastomosing 
near the margin, the interspersed secondary veins not reaching the margin, 
the petiole sturdy, ca. 2 cm. long. Staminate flowers not seen. Pistillate 
flowers solitary; pedicel 6-10 cm. long, quite slender; bracteoles 2, alter- 
nate, foliaceous, linear, 5-8 mm. long, ca. 2 mm. wide at the base, the 
lower bracteole ca. 6 mm. below the calyx; calyx lobes unequal, the outer 
two ovate, ca. 8 & 8 mm., the inner three rounded, 9-10 mm. long, ca. 
10 mm. wide; corolla in bud measuring 1—1.2 cm. across, the petals rounded, 
ca. 1.5 cm. long, 1 cm. wide; staminodia in several series at the base of 
the ovary, very small (1.5 mm.), undeveloped; ovary broadly conical, 
2-loculate, 2(?) ovules in each locule; style short, 2-3 mm. long, divided 
into two parts nearly to the base, the stigmas peltate, 3 mm. across at 
center, flaring out palmately, with a fimbriate margin. Fruit yellow, 
ovoid, large, ca. 6 cm. long and 4 cm. across, 2-loculate, 2—4-seeded. Seeds 
oblong, rounded at both ends, ca. 3 cm. long, 1.5 cm. across, covered with 
a red mealy aril when fresh, orange-brown when dried. 


VERNACULAR NAME: “Baletis (P. Bis.),” fide Merrill. 


DisTRIBUTION: Mindanao. 

Mindanao: Lanao District, Lake Lanao, Camp Keithley, Mrs. M. S. Clemens 
s.n. (lectotype, Bo), Sept—Oct. 1907, 959 (a), March 1907; Bukidnon Subprov., 
Tangculan and vicinity, M. Ramos & G. Edano PBS 39047 (a), June-July 
1920. 
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Even though I consider the present taxon to be only a variety of Tern- 
stroemia philip pinensis I have endeavored to record as complete a descrip- 
tion as possible from the available material, which was in itself exceed- 
ingly sparse. Most of the description is supplementary to that of Merrill 
which seems to be lacking in most details. One must presume that Merrill 
examined staminate flowers from the type, Clemens s.n., since he makes 
no mention of the pistil. He records the anther measurement as “about 
1.5 cm. long.” I cannot but feel that there is a mechanical error in this 
record, since among all the members of the genus which I have examined 
I have never encountered stamens, not to mention anthers, approaching 
this size. A more likely measurement for the anther would be 1.5 mm. 
Furthermore, I cannot understand why Merrill, if he was examining a 
staminate flower, neglected to record the measurement of the corolla, 
since the stamens always are adnate to the base of the corolla. In the 
pistillate flowers, on the other hand, the staminodia (which might measure 
1.5 cm. in toto) may be found in a ring below the pistil unattached to the 
corolla. Although I have examined duplicates of both of Clemens’ speci- 
mens cited by Merrill in the original diagnosis, no flowering material of 
Clemens s.n. was available for dissection; the fruiting specimen (Clemens 
959) was more satisfactory. 

The pistillate material used in the above description was supplied from 
Ramos & Edano 39047. Even here, only two pistillate buds could be 
taken without destroying the value of the specimen. There were no mature 
flowers. Only the outermost petal could be removed intact and this 
measured ca. 1.5 1 cm. (In an open flower the innermost petal is usu- 
ally larger than the outermost one.) The staminodia were minute and 
many, in several series, with the parts indistinguishable. The stigma in the 
first bud examined was as described above, that is, in two parts, each 
part palmate in shape with a fimbriate margin. In the second bud, from 
the same specimen the two parts of the style were further divided into 
two and three parts respectively, making a total of five styles, each with 
a flaring stigma much less in area, of course, than those found in the first 
bud. 

From the material examined, this variety does not appear to be far 
removed from true Ternstroemia philippinensis var. philippinensis. The 
only characters which I can find which are truly different are (1) the 
long pedicel (up to 10 cm. long), and (2) the persistent, foliaceous, alter- 
nate bracteoles. In var. philippinensis the pedicel measures approximately 
4 cm. in length and the bracteoles are quickly caducous. If available, they 
might prove to be foliaceous as in this species. These two characters 
hardly warrant specific delimitation. 


Ternstroemia urdanatensis (Elmer) Kobuski, Jour. Arnold Arb. 28: 
46. 1947. 


Adinandra urdanatensis Elmer, Leafl. Philipp. Bot. 8: 2837. 1915, “urdana- 


tense.” — Merrill, Enum. Philipp. Fl. Plts. 3: 73. 1923.— Melchior, Nat. 
Pflanzenfam. ed. 2. 21: 144. 1925. 
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Ternstroemia epiphytica Elmer ex Merrill, Enum. Philipp. Fl. Plts. 3: 73. 
1923, in syn. 


Scandent shrub, epiphytic bush or lofty tree 20 m. or more high, the 
trunk often a meter in diameter, the main branches rising from above the 
middle, terete, the branchlets erect or ascending subverticillate, quite short, 
light gray. Leaves subverticillate, near the apex of the branchlets, cori- 
aceous, obovate, 6-10 cm. long, 2—4 cm. wide, obtuse or somewhat rounded 
at the apex, cuneate at the base, the midrib canaliculate above, elevated 
below, the veins 5—7 pairs, quite obscure on both surfaces. Plants andro- 
dioecious. Staminate flowers axillary, solitary; pedicel 2-2.5 cm. long, 
slender; bracteoles 2, opposite, immediately below the calyx, persistent, 
deltoid, ca. 2 mm. long, 1.5 mm. wide at base, tapering to apex, ridged 
along the middle on the dorsal surface; calyx-lobes unequal, the two outer 
rounded-ovate, ca. 5 mm. long, 5 mm. wide near the base, the margin 
glandular, the three inner lobes obovate, ca. 6 mm. long, 4 mm. wide near 
the apex, glandular-margined; corolla-lobes quite equal, obovate, sub- 
unguiculate, quite membranaceous, not thickened at center, ca. 6 mm. long, 
5—6 mm. wide; stamens bi-seriate(?), 100+, ca. 4 mm. long, the fila- 
ments 2.5 mm. long, very filamentous, tangled, adnate to the base of 
the corolla, the anthers 1.5 mm. long; pistillodium vestigial. Pistillate 
flowers axillary, solitary; pedicel decidedly recurved, 1.5—2 cm. long; 
bracteoles 2, opposite, immediately below the calyx, unequal, the outer 
one rounded-ovate, 2 mm. long and wide, apiculate, the inner one larger, 
ovate, 3-3.5 mm. long, 2 mm. wide, apiculate; calyx and corolla as in 
the staminate flower; stamens tangled and similar to those of staminate 
flower but fewer (ca. 45) in number; ovary subglobose, ca. 3 mm. long, 
2 mm. diameter, 2-loculate, each locule multiovulate (ca. 14), tapering 
at the apex into a style ca. 3 mm. long, separated at the apex into two 
branches for 1 mm. or more, each branch topped by an asymmetrically 
globose stigma. Fruit globose, small, 1-1.5 cm. diameter, yellowish green, 
2-loculate, each.locule 8-12-seeded; seeds small, distorted in shape by 
crowding, ca. 4 mm. long and 3 mm. diameter, covered with a tawny 
mealy aril; fruiting style short, ca. 2 mm., split into two parts for 1 mm., 
the stigmas subglobose. 


VERNACULAR NAME: “Sangnauan (Mbo.),” fide Merrill. 
DISTRIBUTION: Luzon, Palawan, Mindanao. 


Luzon: Prov. BaTancas: C. Mabesa PBF 28051 (aA), Apr. 1920. Prov. 
TavaBas: Lucban, in forest, alt. 900 m., A. D. E. Elmer 7438 (a, Bo), May 
1906 (tall tree climber, fls. yellow, rare); same locality, A. D. E. Elmer 9214 
(A, BO, L), (“scandent clear to top of 18 m. high tree in woods at 850 meters, 
branches numerous and forming bushes,” flowers recurved, creamy white), 
May 1907; Alcazir & G. Edano PNH 4537 (a), May 1939. Prov. Sorsocon : 
Irosin (Mt. Bulusan), A. D. E. Elmer 15851 (aA, BO, GH, L), Apr. 1916, and 
17317 (A, BO, GH, L), Sept. 1916; Bulusan volcano, M. Ramos PBS 23671 (A), 
Sept. 1915. Palawan: Malasgao River, Aborlan, G. E. Edano PNH 14028 (a, 
L), Mar—Apr. 1951. Mindanao: Prov. Acusan: Cabadbaran, Mt. Urdanetd, 
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forested ridge of Cawilanan peak at 1700 m., A. D. E. Elmer 14078 (lectotype of 
Adinandra urdanatensis, A; isotypes FI, GH), Oct. 1912; Cabadbaran, Mt. Hilong- 
hilong, mossy forest ridge, alt. 1050 m., D. Mendoza & P. Convocar PNH 10753 
(A, L) (epiphytic bush, 2 m.), Apr. 19, 1949. Prov. Davao: Mt. Kampalili, at 
summit, alt. 750 m., G. E. Edaio PNH 11585 (a, L), Mar. 23, 1949 (woody 
vine); Camaguin de Mindanao, M. Ramos PBS 14595 (1), Mar.—Apr. 1912. 


This taxon is the most innocuous, most often misinterpreted and mis- 
determined, and most difficult to understand, of any of the genus in the 
Philippine Islands. Although field notes were often absent from the speci- 
mens examined in this study, enough were included with this taxon to 
show a rather variable habit. It has been described from Luzon as “‘scan- 
dent clear to the top of 18 m. high tree,” and “tall tree climber,” and 
from Mindanao as “epiphytic bush 2 m.,” “woody vine,” or “lofty tree 
20 m. high or higher.” 

Described originally as an Adinandra, this plant has been known as 
A. urdanatensis, A. scandens, and Ternstroemia epiphytica. It also re- 
sembles Cleyera japondica var. montana (originally described as Adinan- 
dra montana) and in many respects, it is similar to members of that genus. 
The fruit is relatively small and possesses a rather large number of seeds 
(16-24), which are small, crowded and distorted, as is often the case in 
Adinandra. The species was based entirely on a fruiting specimen. How- 
ever, the locules of the fruit are definitely two in number, as in almost 
all the taxa of Ternstroemia. In Adinandra, the locules of the fruit num- 
ber three or five. The compactness and the size of the seeds (large for 
Adinandra) resemble those found in most of the three-loculate species of 
Adinandra. The presence of staminate flowers also excludes the taxon 
from Adinandra in which all flowers are perfect. The anthers in Adinan- 
dra are hispid or setose, but in this species the anthers are glabrous, typical 
of Ternstroemia. 

The so-called pistillate flowers in this species are in reality herma- 
phroditic. The stamens, although less than half the number, are similar 
in all respects to those found in the staminate flowers. However, there 
seems to be no definite serial arrangement of the stamens here even though 
they number only about forty-five. As many as seventeen stamens may 
be found on one petal, with the filaments attached to the base of the petal, 
while on another petal in the same flower as few as five may be found 
similarly attached. The style in the flowers which I examined was approxi- 
mately 3 mm. long and was divided for about one-third the distance from 
the apex. It is doubtful that the measurement of this division has any 
significance other than that the style is not entire. In later development, 
the style may split to the base or nearly so. The stigmas are described 
above as “asymmetrically globose.” Actually, they resemble the end of a 
golf club. 


Ternstroemia toquian (Blanco) Fernandez-Villar, Noviss. Append. FI. 
Philipp. 19. 1880. — Vidal, Rev. Pl. Vasc. Filip. 55. 1886. — Merrill, 
Philipp. Jour. Sci. 1: suppl. 95. 1906.— Merrill & Rolfe, Philipp. 
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Jour. Sci. Bot. 3: 113. 1908.— Merrill, Spec. Blancoanae 19, 264. 
1918; Enum. Philipp. Fl. Plts. 3: 72. 1923. — Melchior, Nat. Pflan- 
zenfam. ed. 2.21: 142. 1925. 


Llanosia toquian Blanco, FI. Filip. ed. 2. 319. 1845. 
Ternstroemia lobbiana Pierre, Fl. For. Cochinch. 2: sub. ¢. 128. 1887. 
Taonabo toquian Merrill, Philipp. Isl. Bur. Govt. Lab. Publ. 27: 21. 1905. 


Slender tree 5—10 m. high, branching usually at the apex only; branches 
gray-brown, terete, subverticillate. Leaves coriaceous, crowded at the apex 
of the branchlets, obovate, 5—8 cm. long, 1.5-2.5 cm. wide, abruptly acumi- 
nate at apex (definitely rounded in specimens from Ilocos Norte and 
Cagayan), cuneate at base tapering gradually and decurrently into a 
petiole less than 1 cm. long, the midrib canaliculate above, elevated be- 
low, the veins (3 or 4 pairs), inconspicuous on both surfaces. Flowers 
hermaphroditic (as far as known), solitary, axillary; pedicel 2.5-3 cm. 
long; bracteoles 2, alternate, 5 mm. distant from each other below calyx, 
ovate, 1.5 & 1.5 mm., subacute at the apex, glandular-apiculate; calyx- 
lobes unequal, joined at the base more than in most species, thickening in 
fruit, the two outer lobes rounded, ca. 3 mm. long, 3.5 mm. wide, the 
inner lobes about as long as the outer lobes but wider, 5 mm. wide, the mar- 
gin scarious; corolla-lobes unequal, the outer ones obovate, 10-11 mm. 
long, 5-6 mm. wide, broadly obtuse at the apex, narorwed at the base, 
the margin lightly scarious, progressively so in the inner ones, the inner 
one ca. 10 mm. long, about the same as the outer ones, wider, 8-10 mm. 
also wider at the base, rounded at the apex, the margin quite scarious; 
stamens several-seriate, crowded, mounted on a disk which is raised 
toward the center, + 175, free from the petals, ca. 3.5 mm. long, the fila- 
ments joined lightly at the base, ca. 1.5 mm. long, the anthers ca. 1.25 
mm. long, the projection 0.25 mm. long, subemarginate; ovary conical, 
2-loculate, with three or more ovules in each locule attached at the apex of 
the cell, the style negligible, only 0.2 mm. long, divided into two parts, 
the stigmas 2, fan-shaped with scalloped edges, spreading over the apex 
of the ovary. Fruit globose, 2-3 cm. long, about the same in diameter, 
thin-shelled, orange-yellow, 2-loculate, occasionally appearing 1-loculate 
(because of broken septum), each locule one- or two-seeded, the seeds 
1-1.7 cm. long, ca. 1 cm. diameter, covered with a tawny or orange aril. 


VERNACULAR NAMES: “Bigag (Tag.); bikag (Tag.); boalau (Mbo.); 
debaak (Ilk.); garamansatai (Tag.); malapuyau (Tag.); simbinuluka 
(Sbl.); tabak (Ilk.); tokian (Tag.),” fide Merrill. ‘“Batohan-no-mahing- 
tig, Boalau,” fide Elmer. 


DistRIBUTION: Luzon, Mindoro, Sibuyan, Panay, Palawan, Mindanao. 


Luzon: Prov. Itocos Norte: Bangui, M. Ramos PBS 27417 (a, Bo), Feb- 
Mar. 1917. Prov. Itocos Sur: E. Paraiso PBF 25463 (A), Mar. 1918. Prov. 
Cayacan: Lucban, Abulog, in swampy places, V. Veracion PNH 33432 (1), 
Jan. 2, 1955; H. M. Curran PBF 17205 (Bo), Mar. 1909; Mt. Bababtning, 
G. Edano PBS 79395 (Bo), May 1930. Prov. BeNcuET: M. Ramos PBS 5596 
(Bo, L), Dec. 1908. Prov. PANGASINAN: Mt. Isidro, E. Fenix PBS 29966 (Bo, 
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cH, L), Nov. 1917. Prov. ZaAmpBaLes: Mt. Tapalao, M. Ramos & G. Edano 
PBS 44727 (a), Nov.Dec. 1924; M. Ramos PBS 4795 (Bo, cH), Dec. 1907. 
Prov. Ecija: Carabbala Mts., S. Vidal y Soler 58 (a, 1); R. J. Alvarez PBF 
22149 (Bo), Dec.'1910. Prov. Pampanca: Mt. Arayat, E. D. Merrill 5021 (1), 
Feb. 1906; Mt. Arayat, E. D. Merrill Sp. Blanco. 720 (Bo, GH, L). PRov. 
BATAAN: Mt. Mariveles, Lamao River, T. E. Borden PBF 787, 835, 2935 (Bo), 
1904-1905, R. Meyer PBF 2605, 2614, 2760 (Bo), Feb. 1905, P. T. Barnes 
PBF 150 (Bo), Jan. 1904, Ahern’s Coll. PBF 1506 (Bo), July—Aug. 1904; Upper 
Lamao River, alt. 1000 m., R. S. Williams 403 (cH), Jan. 3, 1903 (tree 10 m. 
high); Mt. Kuyapo, G. Edawio PNH (1), Nov.—Dec. 1947; A. P. Racelis PBF 
27987 (Bo), Feb. 1920; Mt. Mariveles, mountains above 700 m. alt., P. T. 
Barnes PBF 208 (a), Jan. 1904 (small tree). Prov.~BuLAcan: Angat, S. Vidal 
y Soler 59 (a, L). Prov. RizaL: Mt. Lumutan, M. Ramos & G. Edano PBS 
29703 (cH), July 1917; Tanay, E. D. Merrill 2288 (cH), May 1903; A. Loher 
13895 (a), Jan. 1913; Paningtinan, A. Loher 13482 (Bo), Mar. 1915. Prov. 
Lacuna: Mt. Banahao, S. Vidal y Soler 58c (A). Prov. TayasBas: G. Edano 
PBS 26900 (1), Mar. 1917; Mt. Camatis, Alcazir & G. Edawo PNH 4541 (a), 
May 1929. Prov. CAMARINES SUR: Kamugong River, G. Edano PBS 75846 
(Bo), Oct. 1928; Sarapan, G. Edano PBS 76141 (A), Oct. 1920. Mindoro: Paluan, 
M. Ramos PBS 39755 (a, Bo, L), Apr. 1921. Sibuyan: Magallanes, Mt. Giting- 
giting, in moist, rocky soil of forested ridge, alt. 800 m., A. D. E. Elmer 12428 
(A, BO, GH, L), May 1910 (slender, erect tree 5 m. high, branched toward the 
top only). Panay: Prov. ILorto: Miagao, Bugani, S. Vidal y Soler 58 bis (A). 
Palawan: Puerto Princesa, A. L. Cenebra PBF 29200 (a), Feb. 1923. Mindanao: 
Prov. AcusAN: Cabadbaran (Mt. Urdaneta), in red clay on steep forested ridge, 
alt. 400 m., A. D. E. Elmer 13282 (aA, BO, GH, L), July 1912 (small tree 10 m. 
high, branched from the middle). 


This taxon is the first-recognized member of the genus from the Philip- 
pine Islands and understandably so since it has by far the broadest 
distribution of the group in that area. It has been widely collected from 
the northernmost provinces of Luzon throughout the island, including (in 
my study) specimens from Ilocos Norte, Cayacan, Benguet, Pangasinan, 
Zambales, Neuva Ecija, Pampanga, Bataan, Bulacan, Rizal, Laguna, 
Tayabas, and Camarines Sur, sometimes with several collections from 
each province. The species extends southward from Luzon through Min- 
doro, Sibuyan, Panay, Palawan into Mindanao. With all of the speci- 
mens represented, field notes are at a minimum. Very rarely is anything 
but the general locality in a province given and often even that is missing. 

There is considerable variation found in the leaves. Generally they are 
obovate in shape, with the apex abruptly acuminate, measuring 5-8 cm. 
in length and 1.5—2.5 cm. in width. In some specimens from Benguet 
Province, Luzon, the leaves are as long as 10 cm. but are still only 2.5 
cm. wide, giving a much narrower appearance. From Ilocos Norte and 
Cayagan provinces, the leaves are definitely rounded at the apex. 

Even though there is considerable variation in leaf size and shape, the 
following characters are quite consistent. The small calyx lobes are dis- 
tinctly joined at the base in the flower in the form of a shallow cup, the 
united portion thickening in fruit. The style is minute, in fact so minute 
as to be preserved in the fruit without damage. The stamens, joined to- 
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gether only lightly at the base, are not attached to the petals, a character 
most unusual in the genus. The “disk” or base for the very many stamens 
(ca. 175) is raised somewhat at the center. 

The flowers examined by me all proved to be hermaphroditic. There 
may be staminate flowers but I was unable to find any. In all dissections, 
the ovary proved to be two-loculate with three or more ovules in each 
locule. Variation in fruit development may be found. In rare instances the 
locule wall has broken down giving the appearance of a one-loculate fruit 
with two seeds. However, in such instances one can see the edges of the 
broken septum along the side. In most instances the fruit retains the 
septum and is filled with two, three, four, or even more well-developed 
seeds. 


Ternstroemia gitingensis Elmer, Leafl. Philipp. Bot. 4: 1480. 1912, 
“gitingense”; Merrill, Enum. Philipp. Fl. Plts. 3: 71. 1923. — Mel- 
chior, Nat. Pflanzenfam. ed. 2. 21: 142. 925. 


Ternstroemia obovata Merrill, Enum. Philipp. Fl. Plts. 3: 71. 1923, nomen. 


Small tree 8-10 m. high, branching at the top, the main branches 
crookedly rebranched, lax, with ascending tips, yellowish gray; branch- 
lets grayish white, ca. 5 mm. thick. Leaves verticillate at the tips of the 
branchlets, horizontal or radially spreading, thick-coriaceous, obovate, 
rounded at the apex, occasionally emarginate, cuneate at the base, (9—)12- 
15 cm. long, 4-6 cm. wide, reddish on the upper surface, yellowish green 
beneath, the midrib canaliculate above, elevated below, the veins about 
4 pairs, quite obscure on both surfaces, the petiole stout, ca. 2 cm. long. 
Plants androdioecious. Staminate flowers solitary, axillary; pedicel 1-2 
cm. long; bracteoles opposite, immediately below the calyx, quickly cadu- 
cous; calyx-lobes unequal, quite thickened at the center at the base, the 
two outer smaller, ca. 3 mm. long, 4.5 mm. wide, rounded, with a thin 
margin, the three inner rounded, with an abrupt transition from thickened 
center to wide scarious margin, ca. 5 mm. long, 6 mm. wide; corolla-lobes 
rounded at apex, unguiculate, ca. 10 mm. long, 8-10 mm. wide near cen- 
ter, 4-5 mm. wide at base; pistillodium sterile, deceptively appearing to 
be fertile, conical, 2 mm. long, 2 mm. wide at base, occasionally 2-loculate, 
Q-ovulate, usually lacking locules; stamens ca. 120, several-seriate, very 
short and sturdy, nearly filling flower, 2.5 mm. long, the filament and 
anther each about 1 mm. long, the projection truncate before pollen 
dispersal, later bifid. Pistillate flower not seen. Fruit globose or ellipsoid, 
ca. 2 cm. long, reddish yellow, quite thin-shelled, 2.5 cm. long, ca. 1.5 cm. 
diameter, 2-loculate, each locule single-seeded. Seeds about 1.3 cm. long, 
0.8 cm. in diameter, attached at the apex, covered with a crimson-red, 
mealy aril. The fruiting style very short (1 mm. or less), topped by a 
spreading, peltate stigma. 

VERNACULAR NAMES: “Apin (Tag.); palilag (Ibn.); tapmis (C. Bis.),” 
fide Merrill. 

DistTRIBUTION: Luzon, Sibuyan, Panay, Palawan. 
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Luzon: Prov. IsaBELA: Palanan Bay, J. Escritor 1209 (Bo, GH, L), June 1913. 
Prov. TAYABAS: Baler, E. Quisumbing PNH 7654 (a), May 1941; Mt. Binuang, 
M. Ramos & G. Edano PBS 28564 (a), May 1917. Sibuyan: Prov. Capiz: 
Magallanes, Mt. .Giting-giting, steep, densely wooded ravine near a creek, alt. 
ca. 500 m., A. D. E. Elmer 12397 (a, lectotype; BO, GH, L, isotypes), May 
1910. Panay: Prov. Capiz: Libacao, A. Martellino & G. Edano PBS 35448 
(a, BO, L), May-June 1919. Palawan: Prov. PALAWAN: Puerto Princesa, Mt. 
Pulgar, in low, black, compact soil in a lightly wooded flat area, alt. 80 m., 
A. D. Elmer 12901 (a, BO, GH, L), May 1911. 


This species is the smallest fruited taxon found in the Philippines. The 
distribution is of a pattern which Elmer considered quite typical for the 
Philippines, namely, from Luzon, south through Sibuyan into Palawan. 

Elmer based his original description on two of his own collections, 
12397, from Sibuyan, and 12901, from Palawan. Since the type material 
in Manila has been destroyed it is necessary to designate a lectotype. I 
have selected Elmer 12397 (in the Arnold Arboretum herbarium) as the 
lectotype. Of the two numbers cited by Elmer, 12397 is the only one with 
fruiting material. Furthermore, it was collected from a region centrally 
located as far as distribution is concerned. In his field notes Elmer refers 
to fruiting material on his no. 12901. However, I have examined four 
duplicates of this number and have found them all sterile. 

The fruits examined in this study showed them to be 2-loculate with a 
single seed in each locule. I doubt that this will hold as a specific character, 
for later fruit collections may well show two seeds to a single locule, varia- 
tion in seed number being not at all unusual in Ternstroemia. Unfortu- 
nately, no pistillate flowers were available, hence the ovule number could 
not be ascertained. 

The staminate flower might be mistaken for a perfect flower. The 
pistillodium is much more developed than is usually found in staminate 
flowers of the genus. It is of the size of many functional pistils, tapering, 
however, from the base to the apex with no definite style. In one dis- 
section I found two distinct lacunae (or locules) but a careful search re- 
vealed no ovules. In all the other dissections there were no evidences of 
locules. 

The leaves of the specimens from the southernmost area (Sibuyan and 
Palawan) are larger than those found in the northern specimens, measur- 
ing as much as 15 & 6 cm. In the Luzon specimens the leaves are smaller, 
measuring only 9 X 4 cm. These, of course, are the two extremes. 

This species is closely allied to Ternstroemia toquian, the first-described 
species from the Islands and one much more widely distributed. Only 
staminate flowers and fruit were observed in T. gitingensis. However, 
a study of the styles, occasionally attached to the fruit, show that they 
are very short (not more than a millimeter in length) and that the frag- 
mentary stigmas are peltate. One may presume, naturally, that the pistil- 
late flowers when observed will bear out these characters. In T. toquian, 
on the other hand, only pistillate flowers were observed. Here, the ovary 
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contained 2 or 3 ovules for each locule with a very brief style and a peltate 
stigma. The fruit has only one or two developed seeds, however. 

It may turn out eventually that Ternstroemia gitingensis is merely the 
staminate phase of T. toguian. However, the perfect flower of T’. toquian 
has 175 stamens, while the staminate flower of T. gitingensis has only 
120 stamens. There are a few other minor differences. In T. toquian, the 
bracteoles are alternate, 5 mm. distant from each other below the calyx, 
and persistent. In T. gitingensis the bracteoles are opposite, immediately 
below the calyx, and quickly caducous. The leaves in T. toquian are 
smaller, 5-8 cm. long and 2.5 cm. wide, obovate and abruptly acuminate 
at the apex. However, leaf shape and size are not sound characters for 
delimiting species in this genus. In certain specimens of T. toquian, the 
leaves are definitely rounded at the apex. In T. gitingensis, the leaves are 
larger, 12-15 cm. long, 4-6 cm. wide and always rounded at the apex, 
sometimes emarginate. 
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LEAF AND NODAL ANATOMY OF SOME ANDEAN 
COMPOSITAE-ASTEREAE 


Orto T. Sovzric ! 


ANGIOSPERM LEAVES sometimes provide valuable taxonomic characters. 
Superficial foliar characteristics that are readily observable, such as pubes- 
cence, leaf shape, and type of margin, are in common use and frequently 
provide diagnostic information. Anatomical characters, on the other hand, 
are used with less frequency, due partly to their greater uniformity and 
also to the more elaborate techniques required. Nevertheless, anatomical 
characters have some desirable attributes which counterbalance their rela- 
tive inaccessibility in the field. The smaller degree of inter- and intra- 
specific variability enhances the reliability of differences and makes them 
more amenable to measurement and therefore more precise. Venation pat- 
tern and characters of the node are also useful as sources of information 
for the taxonomist. Carefully evaluated, they can be used in the inter- 
pretation of phylogenetic evolution and adaptive trends. 

Phenotypic characters reflect the past evolutionary history of the plant, 
as well as its present environment, and it is generally agreed that pheno- 
typic characters are adaptive (Mayr, 1942; Stebbins, 1950; Simpson, 
1953). Nevertheless it is not always easy to see this, and one should 
beware of simple anthropomorphic or teleological explanations. Interpre- 
tations are devoid of meaning unless they are backed by careful physio- 
logical experiments. Likewise, one should avoid interpreting our ignorance 
about the function of a given structure as a lack of any usefulness. 

Angiosperm leaves are one of the most favorable organs in which to 
study adaptation to diverse environments because they are connected 
primarily with the water economy of the plant. Adaptation of leaves to 
conditions of extreme drought has been studied both anatomically and 
physiologically. Much more study is needed, however, in order to under- 
stand the operating selective forces which account for the general adaptive 
trends. We will need eventually a detailed knowledge of the anatomical 
features of all species which grow in dry regions, as well as a detailed 
understanding of the complex ecological conditions which surround their 
growth. 

This paper presents an anatomical and morphological study of the 


*T am very grateful to Dr. Angel L. Cabrera, of the Museo de La Plata, and to 
Ing. Agr. Armando Hunziker, of the Museo Botanico, Cordoba, Argentina, for sup- 
plying me with critical material. Drs. Sherwin Carlquist, Lincoln Constance, Adriance 
Foster, Lorin I. Nevling, Jr., and Carroll E. Wood, Jr., kindly read the manuscript 
and made various helpful suggestions. Finally the help of the directors and curators 
of the Arnold Arboretum (a), the Gray Herbarium (cH), and the United States 
National Herbarium (us), for allowing the use of herbarium material in their custody 
is acknowledged. 
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leaves and subtending nodes of a group of twenty species in seven related 
genera. Since these species grow in different, although similar, environ- 
ments, some insight can be obtained as to the modifications which accom- 
panied the radiation of these species into the extreme conditions of habitats 
in the high Cordillera de los Andes of South America. 

Two of these small genera of Compositae—Astereae are monotypic: 
Lepidophyllum cupressiforme (Lam.) Cassini occurs only in sandy or 
alkaline soils in southeastern Patagonia and Tierra del Fuego (Cabrera, 
1945); Aylacophora deserticola Cabrera is known only from the type 
locality, Plaza Huincul, Prov. de Neuquén, in Argentina (Cabrera, 1953a). 
Of the other genera, Parastrephia Nutt. emend. Cabrera, with five species, 
grows on the high plateaus (known as puna) of southern Peru, south- 
western Bolivia, northern Chile, and northwestern Argentina (Cabrera, 
1945, 1954a, 1958). The three species of Chiliotrichiopsis Cabrera are 
distributed from the puna of northwestern Argentina to the mountains of 
La Rioja and Mendoza, in the south (Cabrera, 1937, 1944, 1954b). Nar- 
dophyllum Hook. & Arn., with seven species, occupies the widest geo- 
graphical range: four species are found in central Chile and the adjacent 
Prov. de Mendoza in Argentina; two are frequent in Patagonia and south- 
ern Chile, ranging from Neuquén to Tierra del Fuego; and one, NV. arma- 
tum (Wedd.) Reiche is a dominant shrub in the climax steppe of the puna 
(Cabrera, 1954a, 1958). The two species of Chiliophyllum Phil. have a 
disjunct distribution, being restricted to Mendoza (C. densifolium) and 
Tierra del Fuego (C. fuegianum) respectively. Both species of Chilio- 
trichium Cass..are found in central and southern Chile and neighboring 
areas of Argentina, from Santiago to Tierra del Fuego (Reiche, 1902). 
Thus these genera range from Tierra del Fuego, in the southernmost tip 
of South America, to the highlands of southern Bolivia, a distance of some 
4000 km. 

All the plants studied are woody shrubs, varying in height from 20 to 
150 cm., the majority being about 50 to 100 cm. high. Although none, 
with the possible exception of Nardophyllum bryoides, can be called a true 
cushion plant, there is a definite tendency in that direction. The branch- 
ing is dense, the plants form round mats, the leaves are short and crowded, 
and the inflorescences are borne on short stalks. These characters are 
more evident in some species than in others. It is hoped that some in- 
formation may be gained from this study relative to those modifications 
accompanying adaptation to a pulvinate type of growth in related species. 


All observations were made on herbarium specimens. Leaves were 
cleared according to Foster’s technique as explained elsewhere (Solbrig, 
1960). Sections of leaves and shoots, expanded in a 2.5% solution of 
sodium hydroxide for two to six hours, were prepared following the tertiary 
butyl alcohol method of Johansen (1940) and stained according to the 
safranin-fast green method (Johansen, 1940). Additional studies were 
made of hydrated and dried herbarium material. 

Both young and mature leaves were studied. Stem material chosen for 
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sectioning was that of primary and usually very young shoots. More than 
one node was sectioned in every case. Whenever possible, shoot apices 
were sectioned and studied. 


THE LEAF 


External morphology. The leaves of all species studied are small, 
coriaceous, appressed to the stems or spreading, sessile, spirally arranged 
(with the exception of the opposite leaves of Lepidophyllum), densely 
hairy on at least one surface, with entire and usually revolute margins. 
Nevertheless, there are some differences in external aspect which justify 
description genus by genus. 

Leaves of Nardophyllum genistoides (Phil.) Gray are linear-lanceolate, 
1-1.5 cm. long and 3-4 mm. wide, glandular-pubescent, with entire non- 
revolute margins. All other species of the genus have linear leaves, vary- 
ing in length from not more than 5 mm. in NV. bracteolatum Hauman to 
almost 2 cm. in N. chiliotrichioides (Remy) Gray. The upper surface is 
glabrous or sparsely pubescent, the lower one densely pubescent. In JV. 
lanatum (Meyen) Cabrera both leaf surfaces are white-pubescent. The 
leaf margins in all these species are strongly revolute and the surfaces are 
usually very resinous. In two species, NV. bryoides (Lam.) Cabrera and 
N. bracteolatum Hauman, the leaves are densely crowded on the shoots, 
the internodes being less than 1 mm. in length. 

Parastrephia lucida (Meyen) Cabrera and P. phyliciformis (Meyen) 
Cabrera have relatively large linear leaves, 35 mm. long and 2-4 mm. 
wide, horizontally curved, and very resinous,? with revolute margins and 
a pubescent lower surface. Parastrephia quadrangularis (Meyen) Cabrera 
and P. lepidophylla (Wedd.) Cabrera have small linear leaves, 3-5 mm. 
long and 1-2 mm. broad, the lower portions with clasping margins, the 
tips appressed to the stem, the middle and upper portions with the borders 
abaxially revolute and the outer surface pubescent. Finally, P. teretiuscula 
(O. Ktze.) Cabrera has small triangular leaves, 1-2 mm. long and 1-2 mm. 
broad, tightly appressed to the stem, with the outer surface covered with 
mixed glandular and nonglandular trichomes. 

The leaves of Lepidophyllum cupressiforme (Lam.) Cassini are opposite, 
scale-like, appressed to the stem, crescent-shaped, about 1-1.5 mm. long 
and broad, glabrous and resinous. Aylacophora deserticola Cabrera, on 
the other hand, has ephemeral leaves sparsely arranged on the branches 
(internodes 5-15 mm. long), linear, 5-15 mm. long and 0.5-1 mm. wide, 
either woolly or glabrescent. 

Chiliotrichiopsis Keidelu Cabrera has linear leaves 3-5 cm. long and up 
to 1 cm. wide, the upper surface glabrous, and the lower pubescent, with 
inrolled margins. Chiliotrichiopsis ledifolia (Griseb.) Cabrera, in con- 


* Fries (1905) states that species of Parastrephia (Lepidophyllum) quadrangularis 
and P. phyliciformis are so resinous that they will readily burst into flame when a 
match is thrust into the green branches. I have witnessed a similar occurrence with 
Gutierrezia Gayana, a species of similar habit, growing in Chile. 
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trast, has lanceolate leaves about 3 cm. long and 1-2 cm. broad, the upper 
surface glandular-pubescent, the lower surface densely so, and the margins 
not inrolled. 

Both species of Chiliotrichium have linear-lanceolate leaves that are 
shiny and sparsely glandular-pubescent on the upper surface, densely 
pubescent on the lower, and with a revolute margin. The leaves of both 
are approximately 1-3 cm. long, those of C. diffusum Dusén being some- 
what broader (3-5 mm.) than those of C. rosmarinifolium Less. (1-2 mm.). 

The leaves of both species of Chiliophyllum studied are similar to each 
other: C. densifolium Phil. has lanceolate leaves 3-5 mm. long and 2 mm. 
wide, glabrous on the upper surface, and only slightly glandular-pubescent 
on the lower; C. fuegianum O. Hoffm. has similar leaves 7-8 mm. long 
and 2—3 mm. wide. 

Summarizing briefly it may be said that the leaves of all species studied 
show such common features as small size, pubescence, and inrolled mar- 
gins, which are very much in evidence in such species as Parastrephia 
teretiuscula and Lepidophyllum cupressiforme, in which the leaves are 
reduced to small appressed scales. 

Venation. The venation pattern shows variations comparable to those 
observed in the external aspect of the leaf. Here we see a reduced enerva- 
tion of the lamina and a concomitant increase in sclerification of the veins. 

The pattern is basically a reticular one, with a pronounced midvein 
and two approximately parallel large lateral veins, which often give rise 
to two more large laterals. The laterals usually are prominent only in 
the lower third of the lamina, becoming less and less conspicuous toward 
the tip. This pattern is well represented in leaves of Chiliotrichiopsis 
ledifolia and Parastrephia lucida. The first step in vein reduction is a 
decrease in the number of small veinlets. Types of this sort are the most 
frequent, and are to be found to varying degrees in Nardophyllum arma- 
tum, N. chiliotrichioides, N. genistoides, N. bracteolatum, N. lanatum, 
Parastrephia phyliciformis, Chiliotrichiopsis Keidelu (Fic. 1), Chilio- 
trichium diffusum, and C. rosmarinifolium. Aylacophora deserticola also 
possesses this general type of venation, but the veinlets are very thick 
because of a well-developed sheath of sclereids. 

The next step in the apparent reduction series is a gradual disappearance 
of the two main laterals, so that only the midvein and a few of its branches 
are left. As we will see this step is associated with changes in the node. 
In Nardophyllum bryoides, N. obtusifolium Hook. & Arn. (Fic. 2), 
Parastrephia quadrangularis, and P. lepidophylla some traces of the laterals 
remain, but, on closer examination, it can be seen that they branch off the 
midvein near its base. In Chiliophyllum fuegianum (Fic. 3) and C. 
densifolium (Fic. 4), no trace remains of the laterals, for only the midvein 
and a few branches, which are highly sclerified in C. densifolium, are left. 
In Lepidophyllum cupressiforme and Parastrephia teretiuscula (Fic. 5) 
there occurs lateral development of the reticulum, giving an almost peltate 
appearance to the lamina. Both species have a well-developed sheath of 
sclereids surrounding the midvein and the veinlets. 


JOURNAL, OF THE ARNOLD ARBORETUM [VOL. XLII 


280 


>< 


ey, oe. 
yan vee: 


Fics. 1-6. Leaf venation. Veins in black, differences in width due to scleren- 
chyma. Each division of scale equals 1 mm. 1, Chiliotrichiopsis Keidelii (Ven- 
turt 3012, A); 2, Nardophyllum obtusifolium (Pirion 3360, GH); 3, Chiliophyl- 
lum fuegianum (J. Hunziker 6827, LP); 4, Chiliophyllum densifolium (Serra HO: 
LP); 5, Parastrephia teretiuscula (Cérdenas. 86, Gu), sPicss 6-12, Lean crocs 
sections. Hairs and glandular hairs represented schematically; cuticle indicated 
by thick black line, differences in thickness reflecting actual differences; epi- 
dermis a white band; palisade parenchyma by horizontal bars; and spongy 
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Anatomy. The general plan of leaf construction is quite similar in all 
species studied, as might be expected in closely related genera and species. 
There are, however, a number of significant differences which will be 
treated in detail. 

For purposes of clarity, four general types will be described: it must 
be kept in mind, however, that these are artificial and without any evolu- 
tionary or phylogenetic significance per se. 

Type A. This might be called the ‘“‘ericaceous type,” because of its simi- 
larity to the leaves of certain species of Ericaceae (Hagerup, 1953). The 
most characteristic features are the strongly inrolled margins and the well- 
developed midvein region which protrudes considerably on the abaxial 
surface and forms in connection with the inrolled margins two longitudinal 
“inner cavities” along the surface of the leaf. These cavities are covered 
with a very dense mass of hairs (Fic. 20). The general outline in cross 
section is like that of two contiguous U-beams. This general situation is 
found in Nardophyllum bryoides (Fics. 25-27), N. obtusifolium (Ftc. 9), 
N. armatum, N. bracteolatum, N. chiliotrichioides (Fic. 11), Parastrephia 
lucida (Fics. 13, 20), P. phyliciformis (Fic. 15), and Chiliotrichium ros- 
marinifolium. 

In all these species there is a very thick cuticle, sometimes almost as 
thick as the epidermis itself, and the epidermis is always simple and com- 
posed of large to very large cells. The thick epidermal layer covers the 
whole upper surface and the outer sides of the inrolled margins (which 
can present a considerable surface); in addition, it often covers the ex- 
posed area of the downward-protruding midvein region. Beneath the epi- 
dermis are one to three layers of tightly appressed palisade parenchyma, 
which occupy about one-half the thickness of the leaf, including the sides. 
The other half, which faces the “inner cavity,” is occupied by one to several 
layers of spongy parenchyma. The epidermal layer lining the “inner cav- 
ity” is relatively thin. Uniseriate multicellular hairs, common in Composi- 
tae (Metcalfe and Chalk, 1950) are universally present in great profusion 
in the “inner cavity” and on the upper leaf-surface with varying degrees 
of density; so also are multicellular, multiseriate glandular hairs (Fics. 
26, 27). The vascular strands in all the leaves, regardless of type, are 
collateral, and the larger ones are often surrounded by a fibrous sheath. 
A more detailed description of the vascular bundles will be given later. 

The other three leaf types could be interpreted as modifications of 
Type A, derived by a gradual “unfolding” of the margins. Two different 
trends or “lines” can be inferred for purposes of description only, since 
there is no evidence at all to indicate a direct descent, a possibility which 


indeed seems unlikely. 


parenchyma by stiples; outline of leaves drawn with camera lucida. Each divi- 
sion of scale equals 0.1 mm. 6, Chiliotrichiopsis Keidelii (Fabris & Marchion 
1748, ue); 7, Parastrephia lepidophylla (West 7138, GH); 8, Nardophyllum 
lanatum (Morrison & Wagenknecht 17123, GH); 9, Nardophyllum obtusifolium 
(Pirion 3360, GH); 10, Aylacophora deserticola (Cabrera 11053, Le); 11, Nar- 
dophyllum chiliotrichioides (Morrison 17321, GH); 12, Chiliotrichium diffusum 


(Eyerdam, Beetle & Grondona 24098, GH). 
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TABLE I. Principal foliar anatomical characteristics 


PaLi- 
EXPOSED SADE SPONGY 
Lear LenctH WiptH CUTICLE EPIDERMIS LAY- LAy- LEAF 
POSITION MM. MM. MarcINs fi, Oe be ERS ERS TRACES 

Nardophyllum 

genistoides horizontal 10-15 3-4 curved = * Lon Ee 3 

chiliotrichioides horizontal 10-20 1-2 convolute 4.5-7.5 13.5-15 1 2-4 3 

lanatum horizontal 5-10 1-2. convolute 6-7.5 1527.5) 1-2 3 

bracteolatum horizontal 12 15 convolute 1.5-3 22.5-30 1-2 2-4 3 

obtusifolium horizontal 3-4 1 convolute 1.5—4.5 12-15 1 1-3 1 

bryoides horizontal 5 1-2. convolute 1.5-4.5 12-15 2-3 23 1 

armatum horizontal 3-10 5-1.5 convolute 3-4.5 18-25.5 * * 3 
Aylacophora 

deserticola horizontal 3-10 1-2 straight Ae Si rast * 1-2 3-4 3 
Parastrephia 

lucida horizontal 35 25 convolute 4.5—12 18-25.5 1-2 12 3 

rae : : vestigial 

phyliciformis semiappr. 5 1-1.5 caacolets 6-7.5 15-22.5 1-2 1-2 3 

quadrangularis semiappr. 3-4 1-2 convolute 13.5-16.5 15-22.5 1-2 2-4 3 

lepidophylla appressed 4-5 1-2 convolute 4.5-6 13.5-18 2-4 2-3 1 

teretiuscula appressed 1-2 1-2 curved 3-4.5 15-22.5 2-3 2-3 1 
Lepidophyllum 

cupressiformis appressed 1-1.5 1-1.5 straight 7.5-15 15-22.5 2-4 2?** 1 
Chiliotrichio psis : 

Keidelii horizontal 30-50 3-5 ‘Hebtly 345 165=15 09g 

convolute 

ledifolia horizontal 20-30 5-10 straight 1.5-3 7.5-9 * * 3 
Chiliotrichium 

rosamarinifolium horizontal 10-20 1-2 convolute 6-12 10.5-15 1-2 1-2 3 

diffusum horizontal 10220, 3-5 seUsREy Se gerne” gs cis wo eee 

convolute 

Chiliophyllum 

densifolium horizontal 3-5 1-2 straight 1.5-3 13.5-15 1-2 3-5 1 

fuegianum horizontal 7-8 2-3 straight 4.5-6 10.5-13.5 1-2 3-5 1 


* Material does not permit a precise determination. 
** Spongy parenchyma consistently broken, forming a large air-filled cavity. Natural or 
artifact ? 


Type B. The leaves of only four species can be classed here: Lepido- 
phyllum cupressiforme, Parastrephia teretiuscula (Fics. 14, 21), P. lepido- 
phylla (Fic. 7), and P. quadrangularis (Fic. 18). All four species occur 
under extreme environmental conditions: Lepidophyllum on sandy and 
alkaline soils in the cold southern regions of Patagonia and Tierra del 
Fuego, and the species of Parastrephia on the high puna above 3300 
meters. The leaves of all four species are appressed to the stems in varying 
degrees. In Parastrephia lepidophylia (Fic. 7) and P. quadrangularis 
(Fic. 18) we find revolute margins and a strongly modified “inner cav- 
ity”; in P. teretiuscula (Fics. 14, 21) there is only a small vestige of a 
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cavity, while in Lepidophyllum cupressiforme there is no evidence of a 
cavity. 

It already has been mentioned that the leaves of all the species under 
study are sessile and slightly clasping at the base. In leaves of Type B, 
not only the base but the whole lower half of the leaf partially embraces 
the stem. The abaxial surface in Parastrephia presents two flanges with 
inrolled margins, so that a transection of the leaf taken somewhere be- 
tween one-third to one-half the distance from the base resembles a modi- 
fied “X” (Fic. 15). This presents the problem as to which is the true 
margin, a question which will be examined in connection with the ontogeny 
of the leaf. 

The abaxial, rather than the adaxial, surface is the one here provided 
with a thick layer of cutin and a thick, one-layered, large-celled epidermis, 
subtended by a single row of tightly packed palisade parenchyma. Below 
the palisade are one or two layers of spongy parenchyma which line the 
adaxial surface and also the “inner cavity,” if the latter is present. The 
epidermis of the adaxial leaf surface in contact with the stem, as well as 
that of the “inner cavity” in Parastrephia lepidophylla (Fic. 7) and P. 
quadrangularis, is thin and provided with only a thin layer of cuticle. 
The kinds and disposition of hairs vary from species to species. In Para- 
strephia lepidophylla (Fic. 7) a thick mass of uniseriate multicellular 
hairs lines the “inner cavity,” but is found nowhere else; some multi- 
cellular glandular hairs are also found with the nonglandular hairs. In 
P. quadrangularis both the glandular and nonglandular hairs of the same 
type as in P. lepidophylla occur in the “inner cavity,’ but there is also 
a strong development of multicellular, multiseriate, stalked glandular hairs 
as well as of simple hairs, on the adaxial surface, forming a kind of 
“cement” between leaf and stem. In P. teretiuscula (Fics. 14, 21) there is 
a complete reversal, with glandular and nonglandular hairs both occurring 
on the abaxial surface and none on the adaxial surface. Leaves of Lepido- 
phyllum cupressiforme are largely devoid of trichomes, and only a few 
hairs are found on the adaxial surface. It should be mentioned that the 
leaves of Parastrephia phyliciformis (Ftc. 15), considered under Type A, 
are somewhat intermediate between Types A and B. 

Type C. This category is similar to Type A, but shows a marked sim- 
plification. The leaves are horizontally arranged and are generally a 
little larger, ranging from 10 to 50 mm. in length and from 2 to 10 mm. 
in width. Five species may be classed here: Chiliotrichium diffusum, Nar- 
dophyllum lanatum, N. genistoides, Chiliotrichiopsis Keidelit, and C. 
ledifolia. 

The midvein region protrudes abaxially (as in Type A) and the leaf 
margins are revolute. However, since the margins are much less inrolled 
than in Types A and B and there is a greater horizontal development of 
the lamina, no so-called “inner cavity” is produced. 

The adaxial leaf surface is provided with a thick epidermis, although 
not so thick as in Parastrephia lucida of Type A; neither is the cuticle 
as thick as in Types A or B. Below the epidermis there is usually one 
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Fics. 13-19. Cross sections of leaves to show general outlines. 13, Para- 
strephia lucida (Venturi 4750, GH), X ca. 22; 14, Parastrephia teretiuscula 
(Cardenas 86, GH), X ca. 50; 15, Parastrephia phyliciformis (Cabrera 7816, 
LP), X ca. 45; 16, Chiliotrichiopsis Keidelii (Fabris & Marchioni 1748, Lp), 
x ca. 15; 17, Chiliotrichium diffusum (Eyerdam, Beetle & Grondona, GH), 
xX ca. 20; 18, Parastrephia quadrangularis. (West 6088, GH), young leaf, X 
ca. 50; 19, Chiliotrichium diffusum (Eyerdam, Beetle & Grondona 24098, cH), 
xX ca. 20— compare with Fic. 17 from the same collection. 


layer of palisade parenchyma succeeded by one or two layers of spongy 
parenchyma. The lower epidermis is thin and has a thin cuticle. In all 
species, the abaxial surface has a thick cap of uniseriate multicellular 
hairs. Nardophyllum lanatum (Fic. 8) has hairs also on the upper leaf 
surface, but not so profusely as on the lower. The glandular trichomes 
differ from species to species. In Chiliotrichium diffusum (Fics. 12, 17, 
19) they are numerous and restricted to the upper surface, where they are 


1961] SOLBRIG, ANATOMY OF ANDEAN COMPOSITAE 285 


embedded in small depressions. In Nardophyllum lanatum they are scarce 
and confined to the adaxial surface. The glandular hairs of N. genistoides 
are peculiar: they are usually uniseriate, consisting of a long stalk (formed 
by two elongated cells) and a round multicellular head; they extend in 
rows up to 2 mm. long on the margins and the upper surface. In Chilio- 
trichiopsis Keidelii (Fics. 6, 16) and C. ledifolia the glandular hairs are 
of the common uni- or biseriate, multicellular type already described; they 
are on the lower surface only in the former species, and on both surfaces 
in the latter. 

Aside from the glandular-hair differences, there are minor variations 
from species to species in the extent of inrolling of the margins, shape and 
size of the midvein, and lateral expanse of the blade. Nardophyllum 
genistoides is of special interest. Here the midvein region scarcely pro- 
trudes and the margins are only slightly bent. These conditions are very 
similar to those found in the following type, but there are some important 
structural differences. 

Type D. Three species in two genera are treated here: Aylacophora 
deserticola, Chiliophyllum densifolium, and C. fuegianum. The leaves are 
small, 3-10 mm. long and 1-3 mm. wide, and linear to oblanceolate. They 
are thickish in texture and are covered both adaxially and abaxially by an 
equally thick epidermal layer and a cuticle. A layer of palisade paren- 
chyma lies below the epidermis, which envelopes the leaves on both sides; 
in the middle of the lamina are one to three layers of spongy parenchyma 
interspersed with the vascular bundles. Aylacophora deserticola (Fic. 10) 
and Chiliophyllum fuegianum are hairy on both surfaces; in C. densi- 
folium hairs are completely absent. All three species have glandular hairs 
on both leaf surfaces. The leaf margins are straight or slightly curved in 
C. fuegianum, the midvein region protrudes only slightly if at all and no 
“inner cavity” is found. 

Vascular bundles. The vascular bundles of all species investigated 
are normal collateral bundles. All species of Parastrephia have an adaxially 
extended bundle-sheath associated with the midvein, enveloping a duct 
that is probably a resin canal (Fics. 18, 20, 27). In P. lucida this duct 
is small, but in all other species it is very large and conspicuous. Except 
in P. quadrangularis, no resin canals were observed in primary stems. 
Species of Parastrephia and Lepidophyllum lack fibers in association with 
the vascular bundles. All other genera studied showed some xylary fibers, 
usually situated at each end of the bundle, or sometimes also between 
phloem and xylem, or even dispersed between the conducting elements 
themselves. The midvein of Chiliotrichiopsis ledifolia is surrounded by 
a bundle-sheath formed by one row of extremely large cells of about the 
same diameter as the radius of the bundle. 


THE SHOOT 


The primary stems are terete or slightly angled in transection except 
in species of Nardophyllum or Aylacophora. In all other genera the thick 
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epidermis usually is covered by a thick layer of glandular and nonglandu- 
lar hairs like those present in the leaves (Fics. 21 & 23). The cortex is 
composed of thin, isodiametric cells, and occupies one-third to one-fourth 
of the diameter of the stem, surrounding a cylinder of collateral bundles. 
The pith consists of large, thin-walled cells at the center and smaller, 
thin- or sometimes thick-walled, fiber-like cells on the periphery. In 
Parastrephia phyliciformis the pith is unusually large, occupying over 
three-quarters of the diameter of the stem. 

In all species of Nardophyllum the stem is angled or ribbed in tran- 
section. The epidermis, cortex, conducting tissues, and pith are similar 
to those just described. In addition, well-developed strands of sclerenchyma 
fibers along the ribs add rigidity to the stems. The pith in Nardophyllum 
is also sclerified, especially in N. armatum. In N. bracteolatum (Fic. 
24) and Aylacophora deserticola (Fic. 22), deep grooves, reminiscent 
of the “inner cavity” of the leaf, and also lined with a thick cap of hairs, 
occur between the ribs. The epidermis is thick and heavily cutinized on 
the blunt, exposed surface of the ribs, but is thin and only slightly cuti- 
nized at the inside of the grooves, where stomata are present. The ribs 
are abundantly sclerenchymatous peripherally, while the grooves are lined 
with photosynthetic cortical parenchyma. It is clear that the primary 
shoots in these species are specialized for photosynthetic activity. In 
Aylacophora deserticola, in which the leaves are few and short-lived, 
photosynthesis must take place chiefly in the stem. 


Nodal anatomy. The number of traces and gaps at the node has been 
considered to:be a character of possible evolutionary significance, espe- 
cially in woody plants, and may sometimes provide useful taxonomic in- 
formation. In Compositae, the basic type of node is trilacunar with three 
traces; this type is basic also for most of the species studied here. Since 
type of node is usually very consistent in related groups — whole genera 
and sometimes even whole families — it is interesting to note that in eight 
of the species studied the node is unilacunar with a single trace, presum- 
ably by reduction. Unilacunar nodes have been reported previously in 
Compositae only for upper leaves in certain genera of Madineae (Carl- 
quist, 1959). Even more remarkable, however, is the occurrence in Para- 
strephia, Nardophyllum, and Chiliotrichium of species with a trilacunar 
node and others with a unilacunar node. 

Parastrephia phyliciformis, P. lucida, and P. quadrangularis have a 
trilacunar node; P. lepidophylla and P. teretiuscula are unilacunar. Lepi- 
dophyllum cupressiforme has a unilacunar node with one trace subtending 
each of the opposite leaves. Nardophyllum armatum, N. genistoides, N. 
bracteolatum, and N. chiliotrichioides all have a trilacunar node with three 
traces; NV. bryoides and N. obtusifolium are unilacunar with a single trace. 
Aylacophora deserticola, Chiliotrichiopsis Keidelii, and C. ledifolia have 


Fic. 21. Camera lucida drawing of stem and leaf cross section of Parastrephia 
teretiuscula (Cérdenas 86, GH), showing cellular detail. Each division of scale 
equals 0.1 mm. 
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Fics. 22-24. Stem cross sections. 22, Aylacophora deserticola (Cabrera 
11053, LP), X ca. 15; 23, Parastrephia teretiuscula (Cdrdenas 86, GH), X ca. 
20; 24, Nardophyllum bracteolatum (Ruiz Leal 7212, te), * ca. 15. Fics. 
25-27. Details of leaves of Nardophyllum bryoides (Eyerdam, Beetle & Gron- 
dona 24083, GH). 25, Primordia in different stages of development, X ca. 50; 
26, detail of glandular hairs, X ca. 100; 27, detail of leaf showing glandular 
hairs and resin canal, X ca. 75. 


the trilacunar node common to the family. Chiliotrichium rosmarinifolium 
also has a trilacunar node, but that of C. diffusum is unilacunar. Finally, 
both Chiliophyllum densifolium and C. fuegianum have a unilacunar node 
with a single trace. 
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DISCUSSION 


In the preceding paragraphs anatomical characters of leaf and node 
have been described. Their significance from the point of view of adapta- 
tion, evolution, and taxonomy remains to be seen. Cushion and mat plants 
have been the object of intensive investigations in the past, especially 
studies of an ecological or anatomical nature. An attempt to review the 
extensive literature is not pertinent to the present study and therefore only 
some salient information will be pointed out. 

Hauri and Schroter (1914, p. 619) defined cushion plants as “peren- 
nials, herbaceous or woody, usually green chamaephytes, of spheric, hemi- 
spheric, or shingle-like, compact growth. The branches are numerous, 
with short internodes, covered more or less to the base and without in- 
terruption by small, more or less rigid, sessile leaves, withered in various 
ways. The branches end on the same level and are either closely appressed 
or the intervening cavities are filled by foreign material. In this manner 
is produced a certain strength, compactness, and closeness of the indi- 
viduals, which consist of a living, appressed cover over a spongy mass of 
decaying material created by the plant itself’ (free translation). If we 
adhere to this definition, none of the species studied can be considered 
cushion plants. However, Hauri and Schroter also recognized the exist- 
ence of forms which do not fit their definition but which are nevertheless 
usually referred to as cushion or cushion-like plants. For these “cushion- 
like” types they proposed nine different categories. The plants studied 
here would come under the grouping of “spherical-shrubs” (Kugel- 
strducher), characterized by the loose growth (for cushion plants) of the 
branches, allowing the passage of air and light into the interior of the 
plants. In a later study, Hauri (1916) investigated the anatomical struc- 
ture of leaves and stems of 73 species in 29 genera and 16 families. It is 
interesting to note that he found a strong convergence in anatomical 
characters: sessile leaves; a thick epidermis and usually a thick cuticle, 
or a thick layer of hairs, or both; a well-developed palisade layer; and a 
relatively slight sclerification of the stem. In this last respect, Nardo- 
phyllum and Aylacophora, of the seven genera investigated, do not agree. 

Rauh (1939) presented a very thorough and complete analysis of 
cushion plants from a morphological point of view. According to him, 
cushion plants can be defined as “perennial, evergreen plants, with no 
well-defined central axis and numerous radial, stratified branches, the ends 
of which form a more or less compact surface due to a similar amount 
of growth in length” (free translation, p. 269). He divided the “growth- 
form system of cushion-plants” into seven main types: I. True cushion 
plants; II. Creeping cushions; III. Turf cushions; IV. Rosette cushions; 
V. Succulent cushions; VI. Cushion mosses; VII. Monocarpic (‘‘hap- 
axanthe”) cushion plants, that is, annual or biennial forms. He further 
subdivided these into subtypes. Type I, true cushion plants, was divided 
into high (radial-high) cushion plants and flat (radial-flat) cushion plants; 
the first subtype is further subdivided into cushion trees, spheric shrubs, 
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and hollow cushions. The species studied in the present investigation all 
fall under the category of spheric shrubs. 

Although Rauh did not undertake any anatomical study, he reviewed 
the different leaf forms of cushion plants and grouped them into different 
types. Even if a detailed analysis of this classification is not in order 
here, a few comments may be made about his curved-leaf (Rollblatter) 
type. He characterized it as that in which the lamina, instead of flatten- 
ing out at maturity, maintains the position it had in the bud. He indi- 
cated further that leaves with revolute margins are found only in Fran- 
kenia and Anthobryum, among cushion plants. As can be seen from the 
present study, revolute margins are more frequent among cushion-like 
plants (cf. also Cabrera, 1951; Carlquist, 1958). Although, on super- 
ficial inspection, the small leaves and inrolled margins might appear to 
be persistent juvenile forms, this view cannot be supported if the special- 
ized anatomical structure of the leaf is taken into account. Likewise, 
the contention that sessile leaves in Anthobryum are the result of “arrested 
growth” in the petiole of a related and ancestral Frankenia must be dis- 
carded. A final word might be added with regard to Rauh’s classification 
of the leaf types in cushion plants. Although a classification of leaf types 
can be helpful, a formal and complicated subdivision based exclusively on 
morphological types, regardless of phylogenetic origin, is not conducive 
to better understanding. When related species, sometimes even of the 
same genus, have to be separated to fit the classification, it does nothing 
to clarify taxonomic relationships. Rauh’s proposed body types of cushion 
plants also suffer from the same defect. 

Espinosa (1932) made a very careful and complete study of high- 
montane plants from the Cordillera de los Andes, especially the pdéramos 
of Ecuador. He recognized four main vegetative types: cushion plants, 
rosettes, bushes, and spiny bushes (Dornstrducher). Rosettes, cushion 
plants, and shrubs are commonest in the puna and pdramos, spiny shrubs 
in the deserts of northern Chile and southern Peru, although they are 
fairly common also in the puna and in the “dry puna.” Of more interest 
here are his anatomical investigations. He found that high-cordilleran 
plants generally are protected against desiccation by a thick epidermis and 
cuticle and a thick layer of hairs. Although none of the species studied by 
Espinosa shows leaves with the same cross section as those studied here, 
species with involute- and revolute-margined leaves were found, and also 
plants with leaves appressed to the stem, and some with large interior air 
chambers. Similar air chambers were reported for different species of the 
subantarctic islands of New Zealand by Cockayne (1909). No data on 
nodal anatomy were presented by Espinosa. 

By way of summary, although none of the species studied by me can 
be considered a “typical” cushion plant, there seems to be general agree- 
ment that my material belongs ecologically to a cushion-like category. 
Some oi the foliar features, such as thick epidermis, thick cuticle and 
compact palisade, appear to be relatively common among both cushion 
plants and cushion-like plants. On the other hand, the peculiar revolute- 
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margined leaf of some species of Parastrephia and Nardophyllum is less 
common and is only indirectly associated with a cushion habit. This 
type of leaf is widespread in Ericaceae (Hagerup, 1953), where it is 
frequently associated with dry habitats, but it is not very common outside 
that family. 

Hagerup (1953), in reviewing the leaves of Ericaceae, considered the 
revolute projections to be not the true margins of the lamina, but a later 
outgrowth. This view was challenged by Hara (1956) on ontogenetic 
grounds. My own observations on shoot apices and primordia appear to 
confirm Hara’s views, although they were not always decisive. Even at 
very early stages the primordia show configurations correlated with the 
final shape of the leaf (Fic. 25), and, although there is an increase in 
size of the revolute projections, they can hardly be interpreted as a “later 
outgrowth.” The point is, in any case, a rather academic one, which de- 
pends largely on the particular definition of leaf margin. 

Leaf venation in cushion plants has been studied very little. From my 
study of Raoulia (Solbrig, 1960), a New Zeland genus of true cushion 
plants, it would appear that a strong reduction in leaf venation may 
accompany the cushion habit in this genus. A similar conclusion is 
reached in the present study. 

Nodal structure in cushion plants has also been neglected. The presence 
of two nodal types in the same genus is remarkable, and suggests greater 
flexibility in this character than has usually been assumed. The correla- 
tion with other structures suggests that in these Compositae the unilacunar 
condition is derived, adding to the body of evidence presented by Bailey 
(1956) that this is a common situation in advanced families of Angio- 
sperms. That the trilacunar situation is always the primitive condition 
in Compositae cannot be said with certainty. 

Although cushion plants are found in most high-montane areas of the 
world, they are most abundant in certain portions of the Andes of South 
America, especially the pdvamos of Colombia and Ecuador and the puna 
from Pert southwards, and in Patagonia (Andine Dominion of Cabrera, 
1953). In these areas are found about 50 per cent of the pulvinate species 
known (Hauri and Schroéter, 1914). Hauri and Schroter recorded 34 
families and 78 genera containing a total of 338 species of cushion plants. 
Rauh (1939) put the number at about 400 species. Families with the 
largest number, according to these authors, are Compositae (15 genera, 
52 species), Caryophyllaceae (12 genera, 49 species), Umbelliferae (4 
genera, 34 species), and Cruciferae (2 genera, 34 species). The inde- 
pendent acquisition of this habit by more than 300 species of so many 
different families in different parts of the world suggests that this form 
of growth has some adaptive advantage, and this has been generally 
assumed. On the other hand, it is not very clear what the exact adapta- 
tion might be. The early interpretation was that cushion plants were 
xerophytic. When it was discovered that they often grow in moist habitats, 
the concept of “physiological xeromorphy” was developed (Hauri and 
/Schroter, 1914; Hauri, 1917). Experiments by Walter (1931) indicated 
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for cushion plants on Pikes Peak, Colorado, a low osmotic pressure which 
discredited the idea of “physiological xeromorphy.” Rauh (1939) pre- 
sented a lengthy discussion of the subject. It suffices to say that differ- 
ent factors probably are operative, and that, although there is undoubtedly 
a convergence in morphological characteristics, there is no necessity to 
assume an equal convergence in the physiological responses of the plants. 
Only careful experiments on a larger number of plants could elucidate 
this problem. It is also quite clear that the plants show definite local 
adaptations within the broad environmental limits where they occur. All 
species considered in the present investigation grow in dry to very dry 
environments (Cabrera, 1958; Dusén, 1905; Eries, 1907; Skottsberg, 
1916; Soriano, 1948), although such species as Chiliotrichium diffusum 
are found also in moister environments (Skottsberg, 1916). 

A few words should be said about the possible taxonomic implications 
of the present work. Cabrera (1954) has considered the relationships of 
Nardophyllum and concluded that it is closely related on the one hand 
to the South African genus Pteronia L., and to Chiliotrichium and Para- 
strephia on the other. Nardophyllum differs from Parastrepkia and Chilio- 
trichium, as well as from Lepidophyllum, Chiliophyllum, and Chilio- 
trichiopsis, by its tubular heads with all flowers perfect, the other genera 
having ovulate ray flowers, which can be either ligulate or tubular. An- 
atomically, Nardophyllum is separated from the genera mentioned by the 
possession of cortical sclerenchyma. It shares the tubular head and corti- 
cal sclerenchyma with the genus Aylacophora; the two genera differ in 
pappus and shape of achenes, characters which are generally variable 
within the tribe. There is also remarkable similarity in stem structure 
between Avylacophora deserticola and Nardophylium bracteolatum:. the 
leaf structure, on the other hand, is quite different in Aylacophora and 
Nardophyllum. In any case, it seems safe to assume that A ylacophora 
deserticola is closely related to Nardophyllum. 

Cabrera (1954) separated Lepidophyllum and Parastrephia because of 
the opposite leaves, well-developed ray ligules, shortly papillose or glabrous 
achenes and paleaceous pappus of Lepidophyllum, contrasted with the 
alternate leaves, tubular or shortly ligulate ray flowers, hairy achenes, and 
bristly pappus of Parastrephia. Anatomically, Lepidophyllum is similar 
to Parastrephia teretiuscula, the main differences relating to the opposite 
leaves of the former. It seems likely that the similarities are due to con- 
vergence in these two reduced species. 

Chiliophyllum and Chiliotrichiopsis differ in pappus and achenes: hairy 
pappus and weakly pubescent achenes in Chiliophyllum versus scaly 
pappus and strongly pubescent achenes in Chiliotrichiopsis (Cabrera, 
1954). Anatomically, Chiliophyllum has a unilacunar node, Chiliotrichiop- 
sis, a trilacunar node. This character is difficult to evaluate taxonomically 
in this group of genera since in Nardophyllum, Parastrephia, and Chilio- 
trichium, both unilacunar and trilacunar nodes occur in the same genus. 
The leaves of Chiliophyllum are less well developed than those of Chilio- 
trichiopsis. 
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The flowers of Chiliophyllum are also very similar to those of Chilio- 
trichium, the only difference being the color of the ligulate flowers, which 
are yellow in Chiliophyllum, but white in Chiliotrichium (Cabrera, 1954). 
In view of the situation in other genera of the tribe (Keck, 1958) this is 
a poor distinction. Anatomically there is not much difference, aside from 
the fact that one species of Chiliotrichium, C. rosmarinifolium has a tri- 
lacunar node. 
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A REVISION OF THE ASIATIC GENUS LINOSTOMA 
(THYMELAEACEAE) 


Lorin I. NEVLING, JR. 


THE SUBTRIBE LINOSTOMATINAE of the Thymelaeaceae is composed of 
three closely related genera which have been combined taxonomically in 
various ways in the past. Previous treatments of these genera have not 
been inclusive, and, therefore, a preliminary survey to establish generic 
limits has resulted in considerable realignment of the species. Two of the 
genera, Linostoma Wall. ex Endl. and Enkleia Griff., are restricted to the 
area from India to Indochina, Malay Peninsula, and adjacent islands, while 
the third, Lophostoma Meissn., is restricted to the Amazon basin. Numer- 
ous examples of a disjunction between southeastern Asiatic and south- 
eastern North American groups have been studied and reported but an 
Asian—Amazonian disjunction is unusual. For this reason an attempt 
will be made to define as precisely as possible the interrelationships of 
Linostoma, Enkleia and Lophostoma. In order to pursue these interrela- 
tionships it is believed essential to revise each of the genera concerned 
prior to generalizing about the subtribe as a whole. Accordingly, this re- 
vision of Linostoma is the first of a contemplated series. 


SPECIAL MORPHOLOGY 


Some of the more interesting morphological features found within the 
genus Linostoma during the course of this taxonomic investigation are 
presented in the following discussion. A few of these features have not 
been reported previously for the genus, and others are emphasized to 
indicate problems requiring additional investigation. Also included are 
several anatomical elements which have been employed previously as 
taxonomic characters and which I feel demand at least a summary review. 
Finally, additional information can be found in the body of the descrip- 
tions and in the discussion following each species. 

It must be stressed that the number of specimens examined (indeed 
available) was far too few to obtain any but the very roughest type of 
information. A more thorough investigation which would include a study 
of the variation in individual plants in the field and under experimental 
conditions is necessary as the first step to an understanding of the varia- 
tion exemplified in the herbarium specimens. However, even this brief 
study gives minor support to the taxonomic delimitations presented in 
this revision. 

The leaves and flowers were prepared for study by gentle heating in 
water plus a commercial detergent until softened and then were cleared 
with a 5% solution of sodium hydroxide (Foster, 1950). The hydroxide 
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treatment often left the specimens in a too softened condition. This was 
remedied by treatment with chloral hydrate, which tends to harden the 
tissue and at the same time accounts for some additional clearing. In 
practically all instances it was necessary to bleach the specimens in 50% 
“Clorox” to obtain final clarity. The time necessary for the clearing 
processes varied widely from specimen to specimen. 

The cleared leaves were stained with a 1% safranin solution in 95% 
ethyl alcohol for venation studies or with 5% ferric chloride and tannic 
acid in 70% ethyl alcohol for the study of cell types. The latter staining 
was particularly useful in studying the stomata. All specimens were de- 
hydrated appropriately and mounted in Gum Damar or “Diaphane.” As 
in the clearing processes, the staining times varied quite widely. 

Cleared flowers were studied both unstained and stained; when stained, 
a 1% solution of safranin in 95% ethyl alcohol was used. I personally 
feel that the stained specimens are more useful, particularly when the 
finer vascularization is being studied. The stained flowers were dehydrated 
and mounted in Gum Damar. 

Leaf cross sections and petioles were prepared for study by boiling in 
water or by clearing as in the procedure outlined above. They were em- 
bedded in paraffin through a tertiary butyl alcohol series and sectioned. 
A safranin-fast green staining schedule was followed. 

In addition, free-hand sections stained with potassium iodide and sul- 
phuric acid, as well as with phloroglucin and hydrochloric acid (Foster 
1950) were later found to be useful in determining the degree of lignifica- 
tion of certain tissues. This technique has been employed with stems, 
petioles, leaves and bracts. 


Vegetative Morphology. The vegetative axis is monopodial, but the 
precocious development of axillary buds often obscures this nature. Sev- 
eral types of branching usually can be observed within any single rela- 
tively large collection. The simplest pattern is one in which dichotomous 
branching, with equal development of both axes, appears to have taken 
place. This type is the result of the destruction of the apical bud fol- 
lowed by development of the opposite axillary buds. An aborted ter- 
minal bud often may be observed in the fork of the dichotomy but it is 
gradually obscured with time. A second type of branching, also appearing 
to be dichotomous but unequally so, is the result of the continued growth 
of the main axis accompanied by the development of one of the axillary 
buds of the subtending node. The most striking pattern, however, is in 
the form of a trichotomy. This pattern is formed by the continued growth 
of the main axis accompanied by the simultaneous development of both 
axillary buds of the subtending node. The members of the trichotomy 
may be developed equally or unequally, and, in addition, the lateral axes 
may be slightly subopposite, depending on the exact position of the axil- 
lary buds. 

In a few instances, the branching patterns described above are not 
clear-cut because the leaves subtending the developing axillary buds some- 
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times do not appear to be present. These leaves are then borne on the 
developing axillary branch beyond the point of external furcation. They 
are usually near the division and are unpaired, in contrast to the leaves 
of the normal axis. The trace which supplies these leaves is initiated be- 
low the external furcation as is the trace of the axillary bud. Immediately 
below the external furcation the division of leaf and axillary bud traces 
is not yet complete. For some unknown reason the leaf is then “carried 
out” onto the developing axillary branch which it actually subtends. This 
phenomenon is more prevalent in the inflorescence and is further discussed 
there. 

The axillary branches themselves are of interest in that they may be 
ascending or become weakly to strongly uncinate, facilitating climbing or 
scrambling. The “hooks” are similar in appearance to those found in 
species of Cardiospermum (Sapindaceae) or in Schefflera caudatifolia 
Merrill (Araliaceae). There are reports (Metcalfe & Chalk, 1950) based 
on stelar anomalies indicating the possible origin of genera with shrubby 
or treelike habits from lianalike ancestors. It is because of the develop- 
ment of the uncinate branches that the habit of individual species appears 
to be so diverse. I suspect that the plants of Linostoma are erect shrubs 
or trees which are not above scrambling if the opportunity presents itself. 

The presence of an extraxylary fiber sheath surrounding the stele often 
is used as a diagnostic characteristic of the family. These fibers are often 
employed as twine in various parts of the world. They have relatively 
thick walls of cellulose and, in this genus, may become slightly lignified 
after a number of years. The lack of strong lignification of the fibers may 
contribute in part to the flexibility of the stems. 

The structure of the leaf was investigated because of the widespread 
use of the venation pattern as a means of distinguishing between Linos- 
toma and Enkleia. The leaves are dorsiventral. The upper epidermis, 
covered by a rather thick cuticle, is composed of relatively large tabular 
cells in L. persimile and L. pauciflorum and is devoid of stomata. A hypo- 
dermis of large, thin-walled cells is also found in these two species. In 
L. decandrum a single epidermal layer, comparable to the double layer 
of the other species, is found. The palisade layer immediately below is 
compact and composed of more or less isodiametric cells which are at 
most only a fifth the size of the epidermal cells. This palisade appears 
to be three or four cells thick. Within this layer or the one following, 
occur some large, thin-walled cells which contain druse-like crystals. 
These crystals are most prevalent in L. decandrum. The spongy paren- 
chyma layer below the palisade is extremely loose, with very large air 
spaces. The cells composing this layer are comparatively large and gen- 
erally are branched. The lower epidermis is composed of tabular cells 
which, in the case of L. pauciflorum, are conspicuously bullate on the outer 
periclinal wall. This peculiar papillation of the lower epidermis gives a 
characteristic farinose appearance to the lower leaf surface when viewed 
under low magnification. The cells of the lower epidermis, which is in- 
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terrupted by numerous stomata, are consistently smaller than those of 
the upper epidermis. 

In Linostoma persimile and L. pauciflorum the stomata are similar, and 
it is impossible to distinguish these two species on the basis of stomatal 
type or size (Text Fic. I, 2, 3). These stomata are of the ranunculaceous 
type (accessory cells morphologically similar to the surrounding epidermal 
cells). This stomatal type has not been reported previously for the genus, 
although it is well known in other genera of the family. The guard cells 
are borne in the same plane as the epidermal cells. 


Text Fic. I. Camera lucida drawings of the lower leaf epidermis of Linostoma. 
1, L. decandrum (Parry 410); 2, L. persimile (Garrett 1397); 3, L. pauci- 
florum (Kerr 11820A). Stippling indicates stoma on different plane from sur- 
rounding cells. 


The stomatal condition is more complex in Linostoma decandrum. In- 
stead of a pair of accessory cells as in the previous species, there is a 
cluster of small cells completely surrounding the stoma. Each cell is awl- 
shaped and bends slightly over and beyond the guard cells so that an 
urceolate structure is formed. The guard cells are situated at the base 
of this pit and are, in addition, borne in a plane above that of the lower 
epidermis (TExT Fic. I, 1; also Solereder Fig. 174, B, C and repeated in 
Metcalfe and Chalk, Fig. 284, B, E). 

The pinnate venation is essentially similar in all species of the genus. 
The primary lateral veins are very numerous and close to each other 
(several millimeters apart at most) and are more or less straight, parallel, 
and simple, but sometimes dichotomize. Each vein is subtended by an 
extraxylary fiber-sheath which is often more extensive than the vein 
which it supports. Each primary vein terminates in, and contributes to, a 
submarginal vein. The submarginal vein, with accompanying fibers, is 
often better developed than the contributing lateral veins (except in L. 
persimile). Its proximity to the margin varies slightly among the species. 

The secondary veins, after departing from the primary veins, run more 
or less parallel to them. The very fine appearance of the venation is due 
to this parallel orientation of veins and veinlets. The veinlets are also 
subtended by the extraxylary fibers. These fibers react strongly with 
potassium iodide and sulphuric acid to give a deep blue color but do not 
give a color reaction to phloroglucin and hydrochloric acid. On this basis 
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it appears that they are composed of cellulose and are not lignified. The 
fiber sheath extends almost to the end of the veinlet where it is often re- 
placed by variously shaped sclereids. In Linostoma persimile these sclereids 
do not extend to the vein-ending, but in both L. decandrum and L. pauci- 
florum they extend either to the vein-endings or slightly beyond them (see 
Text Fie. 11). 

Cross sections of the petiole were studied to check information in Met- 
calfe and Chalk (1950) indicating the presence of intraxylary phloem 
in petioles of Lophostoma and Enkleia but not Linostoma. In all species 
of Linostoma the xylem, at mid-petiole, is arc shaped and often is inter- 
rupted by rays a single cell broad. In L. decandrum and L. pauciflorum 
it appears that phloem can be found both above and below the xylem-arc, 
thus indicating the presence of intraxylary phloem within the genus, con- 
trary to previous reports. In L. persimile the phloem is found only below 
the xylem-arc. At best this seems to be only an academic point and 
appears to lack taxonomic significance. 

The fibers which usually accompany the vascular bundles either are 
poorly differentiated in the petioles or are lacking altogether. When 
present, they have a negative color reaction with phloroglucin and hydro- 
chloric acid. However, they stain very dark blue with potassium iodide 
and sulphuric acid indicating the cellulosic nature of the cell walls. 


Reproductive Morphology. At the time of the initiation of the 
flowering response the vegetative pattern in the terminal portion of the 
shoot becomes modified. The changes which take place in the external 
morphology of the shoot at this time possibly are controlled by the same 
physiological forces which cause the induction of the flowering response. 

The same basic terminology which I applied to the inflorescence of 
Daphnopsis in a previous paper (1959, pp. 262, 263) is used here. The 
inflorescence is considered as being composed of the basic units of primary 
peduncle, rachis, secondary peduncles and flowers with their pedicels. 
There are a few additional features in the inflorescence of Linostoma not 
found in Daphnopsis, and these are discussed below. 

The flowering shoot is composed of many inflorescences, the sum of 
which appears to form a single large and highly branched, terminal in- 
florescence. The flowering response destroys the apical dominance of the 
stem apex, and the axillary buds of several subtending nodes begin de- 
velopment. This complex change must take place during the initiation 
of the affected parts and prior to their subsequent elongation. The re- 
sulting precocious development of the axillary branches is responsible for 
the decidedly peculiar appearance of the inflorescence. The main stem 
axis appears to trifurcate (see also discussion of branching patterns) with- 
out good cause, i.e., without subtending leaves. This pattern is due to the 
initiation of the leaf traces and the axillary bud traces shortly below the 
external furcation, followed by rapid elongation to the extent that the 
leaf is “carried out” onto the axillary shoot which it actually subtends. 
The external relationships of vegetative shoot, axillary branches and 
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leaves are obscured. The developing axillary shoots may undergo several 
such divisions until a large paniculiform structure is developed. As a 
result, the primary peduncle often bears near its base the reduced, dis- 
placed leaf of the subtending node. This displaced leaf is homologous 
to the bract found on the compound inflorescences of some species of 
Daphnopsis (especially D. americana). 

At the apex of the primary peduncle is borne a single small bracteole, 
which is usually caducous but occasionally persistent. This structure is 
further discussed following L. pauciflorum. 

In addition, the primary peduncle bears a pair of bracts. These bracts 
are opposite to alternate and are borne at or helow the middle of the 
primary peduncle (Linostoma decandrum and L. persimile), or from the 
middle to the summit (L. pauciflorum). These bracts appear to be ex- 
panded fully, or nearly so, by the time the flowers attain anthesis. This 
contrasts with the situation in Enkleia in which the expansion of bracts 
is delayed until shortly after anthesis. The function of these bracts is 
uncertain, although Domke has used the very appropriate term “Flug- 
brakteen” to describe them and Ridley has included this genus in his 
book (1930) on plant dispersal under the heading “Bract Wings.” Speak- 
ing of the bracts in Linostoma he says (p. 92), ““They become pale and 
papery when the fruit is ripe, and are detached, adhering to the fruit, so 
as to be blown away separately.” He attributes the small size of the 
plants of L. persimile to the drupe being too heavy to be borne away by 
the bracts, whereas, in L. decandrum and L. pauciflorum the drupe is 
light enough to be easily drifted. Finally, he says (p. 93) “Here the re- 
duction of the number of fruit produced on the spray, and the persistence 
of the terminal pair of leaves, has converted a bird-dispersed plant into a 
wind-dispersed one, and has allowed the plant to be successful in climbing 
to the top of the forest.” Theoretically, I disagree with Ridley because it 
appears, on the basis of herbarium material, that all separations of fruit 
plus peduncle with bracts are mechanical accidents. In these cases the 
peduncle at the point of separation is irregularly broken and does not 
seem to be as easily separated as at the articulation zone between pedicel 
and secondary peduncle. Ridley has seen the plants in nature and what 
appears to be theoretically improbable may occur in actuality. 

The shape and structure of the bracts are in several respects different 
from those of the foliage leaves. The bracts vary from ovate to oblanceo- 
late but are of a shape and size usually quite dissimilar from that of the 
leaves. In addition, they are much thinner than the leaves and are dis- 
tinguished further by their white to cream color. In spite of their extreme 
thinness, the bracts retain the same morphological components (i.e., epi- 
dermis, palisade and spongy parenchyma) and in approximately the same 
ratio as the leaves. 

Another, and perhaps more striking, characteristic of the bracts is the 
relative spaciousness of the venation. The venation pattern is, in fact, 
more like that which one would expect to find in leaves, i.e., more reticu- 
late. The number of primary veins is greatly reduced from the number 
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found in leaves. In addition, the number of secondary, and particularly 
smaller, veins is much lower. The lack of development of the smaller 
veins accounts for the appearance of spaciousness of the venation. As in 
the leaf, a submarginal vein is present in all species. 

The extraxylary fiber sheath associated with the veins differs from 
that of the leaves in one striking aspect. In contrast to the leaf, the 
sheath supporting the minor veins is not constituted entirely of fibers but 
often has an outer layer composed of relatively short sclereids. These 
sclereids are irregularly shaped, with at least one surface noticeably enated. 
This characteristic allows microscopic identification of leaves and bracts 
(see TExT Fie. II). 

The fiber sheath reacts to the lignification and cellulosic tests in the 
same way as in the leaves. The color reaction indicating cellulosic walls 
lacking lignification is less intense than in the leaves. In like manner, 
the color reaction indicating lignified xylary elements also is much less 


Text Fic. II. Photomicrographs of fine venation of leaves and bracts of 
Linostoma. 1, L. decandrum, leaf (Wallich 4203); 2, L. decandrum, bract 
(Wallich 4203); 3, L. persimile, leaf (Garrett 1436); 4, L. persimile, bract 
(Garrett 1436); 5, L. pauciflorum, leat (Hallier B.2261); 6, L. pauciflorum, 
bract (Hallier B.2261). Note numerous crystals in leaf of L. decandrum. 
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intense, and it seems that the tissues of the bracts are developed much 
less than those of the mature leaves. 

The flowers are arranged on the rachis in an indeterminate fashion (the 
lowermost flower: blooming first). The flower clusters are umbelliform 
to subracemiform, depending on the relative length of the rachis. I sus- 
pect (without substantiating evidence) that the condensation of the 
rachis and the resulting clustering of flowers is due to selective pressures 
in favor of the formation of a pseudanthemum. 

The flowers are bisexual, regular, pentamerous, perigynous, and pedicel- 
late. They are probably conspicuous at anthesis by their coloration and 
by the presence of the light-colored subtending bracts. 

The terminology applied to the parts of the thymelaeaceous flower has 
varied with the individual author’s personal inclinations. Accordingly, I 
am retaining the same terminology that I used in Daphnopsis (Nevling, 
1959) and that for the same reasons. Further gross morphological in- 
formation, beyond that presented in the following discussion, concerning 
the flower may be found in the specific descriptions. 

The calyx tube is appendicular in origin, that is, composed of the fused 
bases of calyx, corolla, and androecial members. It is always tubular, 
although the exact shape is variable, and surrounds the superior ovary. 
The exterior is glabrous, while the interior varies from entirely villous to 
glabrous. The trichomes are exclusively unicellular and unbranched. 

The tube is vascularized by ten distinct veins which are marked ex- 
ternally by conspicuous ridges. Near the orifice the traces to the androe- 
cium depart, one to each stamen. Above the departure of androecial 
traces the vascular pattern becomes exceedingly obscure due to the 
proliferation of traces and to the overlying pubescence. I am not satis- 
fied with my results in this critical area of the calyx tube. 

The size and shape of the five calyx lobes vary among the species. The 
position of the lobes at anthesis is a more important taxonomic character. 
In Linostoma decandrum they are strongly reflexed, in L. pauciflorum 
they are spreading, and in L. persimile they are erect to slightly spread- 
ing. In all species the lobes are vascularized by three main veins. The 
lateral veins often proliferate at the orifice, and all send off numerous 
branches which often anastomose, particularly towards the lobe apex. 
Extraxylary fibers are present even on these small veins. 

The ten petals are inserted in pairs at the orifice of the calyx tube in 
an alternisepalous position just above the outer staminal whorl. Two 
closely related petal types are found in the genus: (1) in Linostoma 
decandrum the clavate petals are united at their bases by an inconspicu- 
ous annulus; (2) in L. pauciflorum and L. persimile the clavate or liguli- 
form petals are free at their bases. In all species the petals are glabrous 
and erect. 

The shape of the petal apex has been found to be a useful taxonomic 
character. It is dependent on differential growth patterns (particularly 
differential elongation of separate whorls). The elongation patterns are 
reflected in the relative position of petals, anthers and stigma in the 
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mature flower. In this respect two exsertion orders are found: (1) stigma, 
anthers and petals in Linostoma decandrum and L. pauciflorum (petal 
apex obtuse or irregular); (2) petals, stigma and anthers in L. persimile 
(petal apex acute). 

The distortion of the petal apex in Linostoma decandrum occurs as 
the pairs of petals develop in the alternisepalous position. In the bud 
their apices become appressed to the base of the developing alternisepalous 
anther. Elongation of the petal apparently occurs at a slightly faster rate 
than that of the developing staminal filament, with the result that each 
petal apex clasps one of the lower lateral margins of the alternisepalous 
anther, thus deforming the petal apex. Although the filaments subse- 
quently elongate and the petals undergo further elongation, the apices 
never recover from the initial contact with the anther. As a result, the 
petal apex is often cup-shaped or truncated with one lateral margin (that 
toward the calyx lobe) noticeably longer than the other. This same situa- 
tion is found in L. pauciflorum to a much lesser degree, with the result 
that the petal apices are never as strikingly deformed as in L. decandrum. 
The acute petal apex of L. persimile is due to the lack of interference of 
petal elongation by the androecium. It is impossible to say whether this 
condition is advanced or primitive in relationship to that found in L. 
decandrum and L. pauciflorum. 

In Linostoma persimile and L. decandrum vascular tissue is lacking in 
the petals. This is really quite surprising, for petal length in these species 
is 3.5 and 3.5—6 mm. respectively. It is difficult to understand why fleshy 
structures of this size require no vascularization. In L. decandrum the 
petals are inserted between the midrib supplying the calyx lobe and the 
lateral veins, which at this level have already divided several times. It 
does not appear to be associated more intimately with the lateral veins 
than with the midrib as might be expected. 

The petals of Linostoma pauciflorum are vascularized by a single trace. 
I have observed an exception in one petal in which the trace divided near 
the base and two well-developed traces were formed. I have been unable 
to determine the connection of the petal trace with a calyx tube trace. 
The trace is usually 5—10 tracheids in diameter, and these tracheids have 
annular to helical thickenings. Toward the petal apex the tracheids be- 
come noticeably shorter and the trace finally ends blindly. 

The androecium consists of ten stamens inserted on the calyx tube just 
below the petals. The stamens are inserted either in two whorls (L. per- 
simile and L. pauciflorum) or in a single whorl (L. decandrum). The five 
stamens of the upper whorl are in the antisepalous position, while those 
of the lower whorl are alternisepalous. The single whorl of L. decandrum 
is in reality two closely intermeshed whorls, for the traces supplying the 
alternisepalous stamens depart from the lateral commissural calyx traces 
(in respect to the position of these in the calyx lobe) some distance below 
those of the antisepalous stamens. The traces supplying the antisepalous 
stamens are continuous with those of the median calyx traces. 


304 JOURNAL OF THE ARNOLD ARBORETUM [voL. XLII 


Text Fic. III. Camera lucida drawings of vascularization of stipe and ovary 
of Linostoma. 1, L. decandrum (Parkinson 316); 2, L. persimile (Garrett 1436) ; 
3-5, L. pauciflorum (Ridley 1868, Hallier B.2261, Haviland 1759). Stippled por- 
tion is the approximate area occupied by the ovule; all vascular bundles, with 
the exception of the hook-shaped ovular trace in figs. 3-5, are in the ovary 
wall; only the bundles in the ovary wall facing the viewer are represented. 


The filaments are filiform, and those of the antisepalous stamens are 
usually longer than those of the alternisepalous ones. They are glabrous, 
except in a single anomalous flower in which they are hispid. Vasculariza- 
tion is by a single vascular bundle which either ends blindly somewhat 
below the connective tissue or enters only the lower half. 

The anthers are exserted, except for those in the alternisepalous whorl 
of Linostoma persimile. They are 4-lobed and 4-loculed in cross section. 
Dehiscence is longitudinal. The connective is basally inflated in L. pauci- 
florum, and to a lesser degree in L. decandrum, so that the pollen sacs 
are displaced to its lateral margins. In L. persimile there is no basal in- 
flation but the connective is produced beyond the pollen sacs. 

The pollen of the three species is, for all practical purposes, uniform. 
It is polyporate and highly sculptured. The grains vary between 40 and 
60 micra in diameter, and, although an insufficient number have been 
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measured, it appears that those of Linostoma persimile are the smallest 
and those of L. pauciflorum are the largest. 

The disc is borne at the base of the calyx tube and closely surrounds 
the stipe supporting the ovary; in many previous descriptions the disc 
has been considered to be absent in the genus. It consists of irregular 
lobes which are free or connate and sometimes adnate to the calyx tube. 
The number of lobes is extremely variable within flowers of the same in- 
florescence and therefore is of little taxonomic consequence. Externally 
the disc appears fleshy and is glabrous, except in Linostoma decandrum 
in which it may support a few trichomes. Since I have had little success 
in clearing the disc, which scarcely attains 0.5 mm. in height, I have been 
unable to determine the vascularization, if any. 

The gynoecium is composed of a single pistil, presumably of the pseudo- 
monomeric type, i.e., one fertile and one sterile carpel. It is borne on a 
stipe (gynophore) which varies in length among the species. In the specific 
descriptions in the taxonomic treatment the length of stipe and ovary are 
combined because of the gradual transition between them. 

The ovary is superior, ellipsoid to obovoid, and unilocular. It is usu- 
ally densely sericeous, although occasionally sparsely so in Linostoma 
pauciflorum. The trichomes are unicellular, erect, and quite shiny (at 
least in herbarium specimens). The pattern of vascular supply to the 
ovary seems quite distinct among the species (see TExT Fic. III). Linos- 
toma pauciflorum is immediately distinguishable by the well-developed 
ovular trace (further discussed under the species), the presence of only 
two traces at:the base of the stipe, and few lateral traces. Linostoma 
persimile can be distinguished from L. decandrum by the more reticulate 
secondary venation arising from the main veins. The apparent lack of an 
ovular trace in the last two mentioned species is curious and requires fur- 
ther investigation. In all species the single, anatropous, two-integumented 
ovule is semipendulous from the upper locule wall. 

The style is borne terminally, although it sometimes appears to be eccen- 
tric, in which event the trichomes must be removed before its true position 
can be seen. It is filiform and is vascularized by two relatively large traces 
which stand opposite each other. The style is generally glabrous, except 
in a few specimens of Linostoma pauciflorum where a few trichomes can 
be found. The stigma is capitate or mammiform. (See also discussion 
following L. persimile.) 

The flowers of all three species are pedicellate. The junction of pedicel 
and secondary peduncle is clearly marked by an articulation. In the area 
of articulation parenchyma cells may be formed at the expense of other 
tissues. A longitudinal section through the point of articulation in Linos- 
toma decandrum has been figured by Leandri (Fig. 23, 3,4. 1930). 

In general, the fruits are preserved very poorly and I do not feel quali- 
fied to comment upon them at this time. The longitudinally ruptured calyx 
tube is persistent in Linostoma decandrum and can be seen at the base 
of the fruit. In L. persimile and L. pauciflorum the calyx tube is accres- 
cent and surrounds the fruit. 
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GEOGRAPHY 


The three species have a composite range extending from India to Indo- 
china, the Malay:Peninsula, and the island of Borneo. The distribution 
is not complicated because of the small number of species. Distributions 
of the individual species have been plotted on Map I, which is a part of 
one of Goode’s Series of Base Maps published by the University of Chicago 
Press. The symbols indicate places of collection only and are in no way 
indicative of the relative frequency of the plants. 

At the present time too little is known of the ecological situations in 
which the plants grow to give any rational discussion but in only one 
species, Linostoma decandrum, does the distribution appear to be unusual. 
The disjunction shown by this species is, in all probability, a real one 
with a lack of suitable habitats between the two areas. There seems to 
be no morphological basis for the erection of any infraspecific categories 
in this case. 


MATERIALS 


This revision is based on specimens from the following herbaria, the 
abbreviations for which are taken from Lanjouw & Stafleu, /ndex Her- 
bariorum, Part I, Ed. 4 (Regnum Vegetabile 15. 1959). 


A Arnold Arboretum of Harvard University, Cambridge 
BM British Museum, London 

Botanical Museum and Herbarium, Copenhagen 
Conservatoire et Jardin botaniques, Genéve 

Gray Herbarium of Harvard University, Cambridge 
Herbarium, Royal Botanic Gardens, Kew 
Rijksherbarium, Leiden 

Botanische Staatssammlung, Miinchen 

Muséum National d’Histoire Naturelle, Paris 
Botanical Museum and Herbarium, Utrecht 

U.S. National Museum, Smithsonian Institution, Washington 
Naturhistorisches Museum, Wien 
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TAXONOMY 


Linostoma Wall. ex Endl. Gen. 331. 1837 (Type: L. decandrum (Roxb.) 
Wall. ex Endl.). 


Linostoma Wall. Cat. n. 4203. 1831, sine descript. 
Linostoma sect. Eulinostoma Meissn. in Mart. Fl. Bras. 5(1): 72. 1855 
(Type: L. decandrum (Roxb.) Wall. ex. Endl.). 
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Linostoma subg. Nectandra Kurz, Jour. As. Soc. Bengal 39(2): 83. 1870 
(Type: L. decandrum (Roxb.) Wall. ex. Endl.). 


Trees, shrubs or lianas, often scrambling, the stem monopodial, al- 
though frequently dichotomizing or trichotomizing, the axillary branches 
sometimes modified for climbing, the bark containing many fibers, becom- 
ing rugose with drying. Leaves opposite (or sometimes approximate) to 
alternate, simple, pinnately veined, entire, petiolate, estipulate. Inflores- 
cences borne from the terminal portions of young stems, subracemiform, 
umbelliform, or rarely the flowers solitary, the primary peduncle bearing a 
pair of bracts and a single bracteole. Flowers bisexual, pentamerous, peri- 
gynous; calyx tube urceolate, ellipsoid or tubular, nonarticulated, ribbed, 
red, yellow, greenish white or white, glabrous without, glabrous or variously 
pubescent within; calyx lobes 5, subequal, quincuncial, erect to reflexed 
at anthesis; petals 10, ligulate to clavate, sometimes with a minute an- 
nulus at the base, glabrous; stamens 10, inserted in 1 or 2 whorls, the 
upper whorl antisepalous, the lower whorl alternisepalous, the anthers 
filamented, basifixed, longitudinally dehiscent, the connective sometimes 
produced beyond the pollen sacs or inflated; disc of irregular lobes, some- 
times basally connate, sometimes adnate to the calyx tube; gynoecium 
single, pseudomonomeric, superior, variously stipitate, unilocular with a 
single anatropous ovule, the style terminal, the stigma capitate or mammi- 
form. Fruit drupaceous, the calyx tube sometimes persistent or accrescent. 


KEY TO THE SPECIES 


a. Leaves to 10 cm. long, thick-coriaceous, the apex acute, acuminate or sub- 
caudate; inflorescences 3—-12-flowered; calyx tube villous within; calyx lobes 
generally as long as or longer than the tube, strongly reflexed; calyx per- 
SISent sDULENOUPACCLeESCeme lm DUN ee een ees e ek ene ues 1. L. decandrum. 

a. Leaves to 5 cm. long, thin-coriaceous, the apex mucronulate and acute, ob- 
tuse, truncate or retuse; inflorescences 1-6-flowered; calyx tube villous or 
glabrous within; calyx lobes at most half as long as the tube, erect or spread- 
ing; calyx accrescent in fruit. 

b. Bracts subopposite, borne at the middle of the primary peduncle or 
below; calyx lobes erect; petals exserted beyond the stigma and anthers; 
connective produced beyond the pollen sacs but never inflated; style 
6=7oainms lOneaeren Aye: Me, Aegon toe wate. ba 2. L. persimile. 

b. Bracts opposite to alternate, at least one of the pair borne near the sum- 
mit of the primary peduncle; calyx lobes spreading; stigma and anthers 
exserted beyond the petals; connective inflated so as to separate the 
pollen sacs at least basally but never produced beyond the pollen sacs; 
BEV Or Ga 7 ORO NONG 1s ce crs wegen ceoiee wees Ges ice 3. L. pauciflorum. 


1. Linostoma decandrum (Roxb.) Wall. ex Endl. Gen. 331. 1837. 


Nectandra decandra Roxb. Hort. Beng. 90. 1814 (Type: Roxburgh s.n.!); 
Fl. Ind. 2: 425. 1832. 
Linostoma decandrum (Roxb.) Wall. Cat. n. 4203. 1831, sine descript. 
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Subscandent to scandent shrubs or lianas (?) to 15 m. tall; young 
stems terete, dark reddish brown, glabrous except for a few short trichomes 
in the leaf axils, the lenticels round, becoming horizontally elongate; 
axillary branches ‘normal or rarely modified and unciform, the unciform 
branches usually conspicuously swollen basally. Leaf blade lanceolate 
or elliptic to oblong-elliptic, 3.5-10 cm. long, 1.5-3.5 cm. broad, acute or 
acuminate to subcaudate at the apex, cuneate to obtuse at the base, thick- 
coriaceous, glabrous, darker above than beneath, the costa immersed 
above, elevated beneath, the primary lateral veins many, inconspicuous, 
parallel and more or less straight, the submarginal vein well developed, 
almost coinciding with the margin; petiole canaliculate, rugose, glabrous, 
3-5 mm. long. Inflorescences borne terminally on the young shoots, 
generally involving several nodes, often compound; each inflorescence 
3-7 (-12)-flowered, subracemiform to rarely umbelliform, glabrous, the 
primary peduncle 2.7—5.5 cm. long, often with the reduced leaf of the 
subtending node near the base, the rachis 1-5 mm. long, the secondary 
peduncles 2—7 mm. long, often distally dilated, the bracts opposite or 
subopposite, borne at the middle of the primary peduncle or below, ovate, 
elliptic or oblong-elliptic, 2.5-4.5 cm. long, 1-2 cm. broad, obtuse to 
acute at the apex, truncate to rounded at the base, almost membranaceous, 
glabrous, creamy white, venation much more lax than that of the leaves, 


Map I. Distribution of the species of Linostoma: dots, L. decandrum: tri- 
angles, L. persimile; squares, L. pauciflorum. 
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subsessile, the bracteole borne at the summit of the primary peduncle, 
narrowly linear, 0.3—1 cm. long, caducous. Calyx tube fusiform, 5—7(—13) 
mm. long, 2—2.5 mm. in diameter at the orifice, glabrous and reddish 
without, villous and white within but often glabrous in the lower half, 
the trichomes protruding from the orifice; calyx lobes linguiform, 6.5-8.5 
mm. long, 2—2.5 mm. broad, as long as or longer than the calyx tube, 
glabrous, strongly reflexed; petals inserted at the orifice, clavate, erect, 
fleshy, exserted, 3.5-6 mm. long, apex irregular, their bases connate by 
means of an obscure annulus; stamens exserted beyond the petals, inserted 
in a single whorl immediately below the petals, the filaments filiform, 
glabrous, the antisepalous filaments 6.5-9 mm. long and slightly longer 
than the alternisepalous ones, the alternisepalous filaments 4-8 mm. long, 
the anthers oblong, about 1 mm. long, 0.75 mm. broad, the connective 
basally inflated but not produced beyond the pollen sacs, the pollen 
sacs appearing confluent and hippocrepiform following anthesis; disc of 
small, irregularly shaped lobes, more or less adnate to the calyx tube, 
less than 0.5 mm. tall, each lobe glabrous or more often bearing a num- 
ber of short trichomes; stipe and ovary ellipsoid, about 3 mm. tall, densely 
sericeous, the style filiform, 8-11 mm. long, sericeous at the base, other- 
wise glabrous, the stigma mammiform, exserted beyond the anthers, about 
0.75 mm. in diameter; pedicel 34.5 mm. long, glabrous. Fruit (imma- 
ture?) ovoid, 8-12 mm. long, 4-8 mm. in diameter, sericeous, dull red, 
the longitudinally and unilaterally ruptured calyx tube more or less per- 
sistent at the base; pedicel 5-7 mm. long, somewhat swollen. 


ILLUSTRATIONS. Denkschr. Bot. Ges. Regensburg 3: ¢. 7. 1841; Bail- 
lon, Hist: Pl. 6: 104. figs. 72, 73. 1877;-Pflanzenfam, III. 6a: 232. fig. 
82. A-E. 1894; Lecomte, Fl. Gen. Indo-Chine 5: 173. fig. 16. 1915; Bibl. 
Bot. 27 (111): f. 2, fig. 17.1934. 


DIsTRIBUTION. Eastern India, East Pakistan, Burma, Thailand, Viet- 
nam, Laos, and Cambodia, the plants associated with evergreen scrub or 
forests, collected at altitudes up to 200 meters. Flowering specimens col- 
lected in January, April, June, November and December, specimens in 
fruit collected in December and February. Roxburgh (Fl. Ind. 2: 425. 
1832) says that the plants flower in October and the seeds ripen in Janu- 
ary, February and March. 


India. West BENGAL: Calcutta, (cultivated?), Gaudichaud 324 (GH). MANI- 
puR: Piphima, Meebold 5164 (c). Assam: Sialsuk, Lushai Hills, Parry 410 
(x). East Pakistan. East BENGAL: Sylhet, Wallich 4203 (BM, G, L, M), Rox- 
burgh “1813” (BM, G), “1830” (kK), without collector, (c, L, w); Chittagong 
Division, Cowan s.n. (us); Chittagong Hills, Dr. King’s collector 106 (us), 
220 (c, L), Hooker & Thomson s.n. (BM, G, GH, K, L, M, P, U, W). Burma. 
Kacuin: Myitkyina District, Tagwin, Parkinson 316 (x); Myitkyina District, 
hills w. of Hopin, Parkinson 347 (kK); Bhamo, Cubitt 1047 (A). Thailand. 
Cuonsurti: Chonburi, on trail between Mapkhla and Thapsai, Smitinand 3637 
(Lt); Khow Diu near Sriracha, Collins A (BM), 1797 (BM, us). Naxkon Rat- 
CHASIMA: Hui Reng, Kerat (Korat), Kerr 17588 (pm); Kao Lem, Korat, Put 
3573 (pm). Rayonc: Ban Pe, Rayawng (Rayong), Put 2763 (pm). Vietnam. 
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Annam: Nha Trang, Alleizette sn. (L); Tourane, Clemens & Clemens 3465 
(p); Col de Braian, Pnom-sapoum, by Blao, Poilane 23698 (kK). Laos. CHAM- 
PASSAK: Bassac, Thorel 2612 (Pp). Cambodia. Insula Phu Quoc, Pierre 1470 
(Pp), 19794 (BM). Without Locality. Wallich 2247 (c), Bruce s.n. (w). 


There has been considerable confusion and error as to the proper cita- 
tion of authorship of the genus and of this, the type species. The generic 
name was first used by Wallich in 1831 (Cat. n. 4203); this publication 
consists of the name Linostoma decandrum and the citation “Hort. Beng.” 
From this scrap of information it is evident that Wallich intended a ‘new 
combination” based on Nectandra decandra Roxburgh (Hort. Beng. 90. 
1814). Roxburgh included here, in addition to the epithet, the common 
name, the place of collection, a two-symbol description and the time of 
flowering. It was not until Endlicher in 1837 (Gen. 331) published a 
Latin diagnosis for Linostoma that either the genus or Wallich’s “com- 
bination” became valid. The citation of the type species thus should be 
Linostoma decandrum (Roxburgh) Wallich ex Endlicher. 

As a result of Roxburgh’s publication (1814) he is given credit or 
rather discredit for an illegitimate genus (Nectandra Roxb. non alior) 
which is usually cited in the generic synonymy. However, in a subsequent 
publication (Fl. Ind. 2: 425. 1832) he maintains (despite Wallich’s com- 
bination of which he probably was not aware) the name Nectandra de- 
candra, furnishes generic and specific descriptions and attributes the genus 
to Jussieu! Indeed, Jussieu, in an earlier work (Gen. Pl. 86. 1791), had 
published an account of the genus Nectandra which was based, in turn, 
on Nectandra Berg. and which included a generic description and a single 
species based on Gnidia sericea L. The illegitimate genus Nectandra 
Berg. (Descript. Pl. Cap. 131. 1767) is composed of three previously de- 
scribed 4-merous species which are not congeneric with our 5-merous 
Linostoma decandrum. Thus Roxburgh did not describe a new genus but 
merely expanded the concept of a previously existing one. That he was 
in error is of little consequence. Since the citation in generic synonymy 
of all genera in which species of a particular genus have been misplaced 
leads to absurdity, these misplacements are adequately and properly cited 
within the specific synonymy. 

There is additional confusion concerning the type specimen. To the 
best of my knowledge a type has never been selected, although most 
authors in discussing this species include the citation of Wallich 4203. 
As a result of examining a number of specimens, all labeled Wallich 4203, 
I have come to the conclusion that these collections are a heterogeneous 
group. Four I believe to be authentic Wallich collections: Munich with 
a penciled label “4203,” probably written by Wallich; Leiden with a pen- 
ciled “4203”; British Museurn with the penciled label “4203, Wallich 
Nov. 1829,” also probably written by Wallich; and finally a Geneva speci- 
men with a printed label ‘“Wallich 1829.”? There are a number of other 
specimens which may also be Wallich collections, for they bear the “Cata- 
logue” number, but I suspect that these specimens were either collected 
after the publication of the “Catalogue” or that the number was added 
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to earlier collections as a means of specific identification, regardless of 
the collector. Some examples are specimens at Leiden and Geneva which 
bear the “Catalogue” number, but lack collection data, and a specimen 
from Kew which bears the “Catalogue” number, but the date 1830. There 
is also a collection at Vienna which bears a printed label upon which in 
red ink the “Catalogue” number, epithets, place of collection and collector 
(H. Bruce) have been added. Therefore, it seems that considerable caution 
must be used in evaluating specimens bearing the “Catalogue” number. 
However, in spite of past inference, the Wallich collections do not con- 
tain the type among them! The type must be selected from the collections 
of Roxburgh made prior to 1814. I have seen two specimens which prob- 
ably qualify: one from the Geneva herbarium with a handwritten label, 
‘“Nectandra decandra Roxb., Ex Sylhet montibus,” and, on the same label 
and written at a later date in another hand, ‘‘Linostoma dicandrum. Wal- 
lich”; a second specimen from the British Museum bears a label written 
in ink, almost certainly by Roxburgh, “Nectandra decandra probably a 
Dais, or in all events a Thymeleae.”” Added below in pencil is the nota- 
tion “Roxburgh 1813.” Inasmuch as the British Museum specimen ap- 
pears to be best qualified I select it as the lectotype. It is composed of 
two flowering branchlets and a packet containing inflorescences, flowers 
and very immature fruit. 


2. Linostoma persimile Craib, Kew Bull. 1911: 452. 1911 (Type: Kerr 
814!). 


Shrubs to 1.5 m. tall; young stems slender, terete, light brown to red- 
dish brown, glabrous, the lenticels inconspicuous; axillary branches nor- 
mal or sometimes slightly recurved. Leaf blades rotund, broadly elliptic 
to obovate, 2-3 cm. long, (0.8—)1-2.5 cm. broad, mucronulate and ob- 
tuse, truncate, or retuse at the apex, cuneate at the base, thin-coriaceous, 
glabrous, darker above than beneath, the costa immersed above, elevated 
beneath, the primary lateral veins many, parallel and more or less straight, 
the submarginal vein inconspicuous, almost coinciding with the margin; 
petiole shallowly canaliculate, slightly rugose, glabrous, 1-2 mm. long. 
Inflorescence borne terminally on the young shoots, involving a few to sev- 
eral nodes, sometimes compound; each inflorescence 3—6-flowered, um- 
belliform, glabrous, the primary peduncle 2-4 cm. long, often bearing 
the reduced leaf of the subtending node near the base, the rachis about 
1 mm. long, the secondary peduncles at most 0.5 mm. long, distally 
dilated, the bracts subopposite, borne at the middle of the primary 
peduncle or below, ovate to elliptic, 2-3 cm. long, 1-2 cm. broad, acute 
and mucronulate at the apex, obtuse to subcordate at the base, mem- 
branaceous, glabrous, with a venation more lax than that of the foliage 
leaves, the bracteole borne at the summit of the primary peduncle, linear, 
about 1 mm. long, caducous. Calyx tube tubular, 8-10 mm. long, 2—3.5 
mm. in diameter at the orifice, glabrous without, glabrous within, yellow; 
calyx lobes linguiform, 4-4.5 mm. long, 1.5—2.5 mm broad, much shorter 
than the calyx tube, glabrous, erect or slightly spreading; petals inserted 
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at the orifice, liguliform, erect, exserted beyond the anthers and the stigma, 
3-3.5 mm. long, gradually tapering to the acute apex, fleshy; stamens 
inserted in two distinct whorls, the filaments filiform, glabrous, the anti- 
sepalous filaments about 1 mm. long, the alternisepalous filaments to 0.5 
mm. long, the anthers oblong, 0.75-1 mm. long, 0.5 mm. broad, the con- 
nective obtusely produced beyond the pollen sacs, the upper antisepalous 
filaments inserted just below the petals, exserted, the lower alterni- 
sepalous filaments inserted about an anther’s length below the anti- 
sepalous ones, included; disc of minute irregular lobes, adnate to the 
calyx tube, glabrous; stipe and ovary ellipsoid, about 2 mm. long, 0.75 
mm. in diameter, densely sericeous, the style filiform, 6-7.5 mm. long, 
glabrous, the stigma capitate, exserted beyond the stamens; pedicel 1.5—3 
mm. long. Fruit accrescent, surrounded by the persistent calyx, the calyx 
more or less narrowly lageniform, 11-13 mm. long, 5—7 mm. in diameter, 
the lobes erect, the drupe broadly fusiform, 7-9 mm. long, 6—7 mm. in 
diameter, sericeous at least towards the apex; pedicel slightly swollen. 


DISTRIBUTION. Burma and Thailand. Collected at altitudes of from 
less than 50 meters to 1650 meters. Found in deciduous forest or open 
“pine jungle.” The collections indicate flowering in September, Novem- 
ber, and December, with fruiting known in November and December. 


Burma. KARENNI: Karen Country and Hills, Kurz 990 (m). Thailand. 
CuIENGMAI: Camp Hoi Chan Kiang, Doi Sootep, Rock 123 (us); summit of 
Doi Chom Cheng, Doi Sootep, Rock 1173 (us); Doi Sootep, Garrett 1397 (A, 
L, US), 1436 (K, L), Kerr 814 (x-holotype, BM), s.n. (BM). Without precise 
locality: Tung Quang, Petchabuni (?), Kerr 20584 (pm), Marian 2759 (x). 


The collections Kerr 20584 and Marian 2759 have not been mapped 
for I am not certain of the spelling of the locality on the handwritten labels, 
which read either ‘“Petchabuni” or “Petchaburi.” Since a distance of 
about 250 miles separates these two cities, it seems best not to make a 
judgment at this time. If an itinerary of Kerr’s travels exists, the location 
could probably be determined. 

The holotype has with it a packet containing a rather unusual flower. 
This flower, which is nearly mature, has two petals (both lateral with 
respect to the single calyx lobe which they flank) which have become 
connate below by their lateral margins. In addition, these fused petals 
have produced a smaller subsidiary petal between them. The stamen 
standing in front of this petalaceous anomaly is unusual in that the fila- 
ment is almost hispid, in striking contrast to the glabrous filaments of 
the remaining nine stamens. The position of the stamen, i.e., standing 
within this petalaceous anomaly, provides evidence by its gross morphologi- 
cal position, of the true petalaceous nature of this structure. 

A number of flowers in several collections display an included stigma. 
Close examination indicated that the elongation of the style is delayed 
until after the pollen is shed. I assumed that this might be some form 
of mechanism for the prevention of self-pollination, specifically, proter- 
andry. However, Burrows (1960) has described a somewhat comparable 
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mechanism in the genus Pimelea and his observations and conclusions 
may be applicable to this species. In essence, he found that in bisexual 
flowers early pollination inhibited elongation of the style, with the result 
that fertilization may take place and the style remained included, late 
pollination inhibited elongation to a lesser degree, even though fertilization 
could no longer occur, and, finally, the lack of pollination allowed the 
style to elongate greatly and thus the stigma to become well exserted. 


3. Linostoma pauciflorum Griffith, Calcutta Jour. Nat. Hist. 4: 234. 
1844 (TYPE: Griffith 4376!). 


Linostoma leucodipterum Hallier f. Med. Rijksherb. 44: 28. 1922 (Type: 
Hallier f. B.2261!). 
Linostoma longiflorum Hallier f. ibid. 29 (Type: Haviland 1759!). 


Shrubs, trees, or climbers, to 25 m. tall; young stems filiform to slen- 
der, terete, light to dark brown, glabrous except for a tuft of short 
trichomes in the leaf axils, the lenticels inconspicuous; axillary branches 
normal or gently to strongly uncinate, becoming swollen at the base. 
Leaf blade ovate, lanceolate, narrowly to broadly elliptic or oblong- 
elliptic, 1-5 cm. long, 0.5-2.5 cm. broad, mucronate and acute, obtuse, 
truncate or retuse at the apex, cuneate to obtuse at the base, thin- 
coriaceous, glabrous, but sometimes appearing farinose beneath, darker 
above than beneath, the costa plane to immersed above, plane to ele- 
vated beneath, the primary lateral veins numerous, more or less straight 
and parallel, inconspicuous, the submarginal vein well developed, coin- 
ciding with the margin; petiole canaliculate (although sometimes scarcely 
so), 1-3 mm. long, rugose, glabrous. Inflorescences borne from the axils 
of the terminal portions of the young stems, simple or compound, gla- 
brous except for occasional trichomes near the summit of the primary 
peduncle; each inflorescence 1—5-flowered, umbelliform, the primary 
peduncle 2—18(-—30) mm. long, often with the reduced leaf of the sub- 
tending node near the base, the rachis to 0.5 mm. long, the secondary 
peduncles obsolete, to 0.5 mm. long, somewhat dilated distally, the bracts 
borne from the middle to the summit of the primary peduncle, opposite, 
subopposite, or alternate, foliaceous or reduced and bracteolate, linear, 
lanceolate, ovate, elliptic or oblanceolate, 2-35 mm. long, 2-18 mm. 
broad, mucronulate and acute, obtuse, or truncate at the apex, acute, 
obtuse, or subcordate at the base, membranaceous, glabrous, white, the 
venation more lax than that of the foliage leaves, the bracteole borne 
at the summit of the primary peduncle, linear, to 10 mm. long, some- 
times caducous, or extremely reduced and represented by a small lump 
of tissue in the axil of which stand a few trichomes. Calyx tube tubular 
to ellipsoid, 7-25 mm. long, about 0.5 mm. in diameter at the orifice, 
glabrous and green to white without, glabrous or partially to completely 
villous within, a few trichomes exserted beyond the orifice; calyx lobes 
lanceolate or elliptic to oblanceolate, 3-12 mm. long, 1.5-3 mm. broad, 
usually glabrous, spreading; petals inserted at the orifice, narrowly clavate, 
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fleshy, exserted, erect, 5.5-7.5 mm. long, obtuse to irregular at the apex, 
glabrous; stamens inserted in two close whorls just below the petals, ex- 
serted beyond the petals, the filaments filiform but enlarging distally, 
4.5-10 mm. long; glabrous, the antisepalous filaments somewhat longer 
than the alternisepalous ones, the anthers more or less oblong, 0.5—1 mm. 
long, 0.5-0.75 mm. broad, the connective enlarged so as to displace the 
pollen sacs to its lateral margins but not produced beyond the pollen 
sacs; disc annular, with irregular lobes, 0.25-0.5 mm. high, glabrous; 
ovary and stipe oblong-obovoid or obovoid, 3—7.5 mm. long, sparsely to 
densely sericeous, the style filiform, 6-20 mm. long, glabrous or with 
occasional trichomes, the stigma capitate, exserted beyond the stamens; 
pedicel 5-8 mm. long. Calyx tube accrescent in fruit, ellipsoid but tapered 
more sharply above than below, 12-15 mm. long, 6—7 mm. in diameter, 
the drupe ovoid. 


ILLUSTRATION. Flora Malesiana I. 6: 26. fig. 11. 1960 (as L. longiflorum 
and L. pauciflorum). 


DistRIBUTION. Thailand, south to Singapore and east to Borneo; col- 
lected from sea level to 200 meters. Flowering in March, April, June, 
August, September, and October; collected in fruit in December. Found 
in evergreen scrub, wastelands, and primary peat forests; the Hillard col- 
lection is from “undergrowth on rubber estate.” 

According to Kerr the root is sometimes used for poisoning fish. 


Thailand. Patranr: Yala, Kerr 7258 (pm); Kok Po, Kerr 15073 (BM). 
SONGKHLA: Hat Zai, Kerr 13667 (BM). SURATTHANT: Surat, Kerr 11302 (Bm), 
Kerr 11820A (pm). Locality UNCERTAIN: Tako, Qungsuam (?), Kerr 11870 
(pm). Malaya. KepaH: Langkawi Islands, Curtis s.n. (Pp), Hillard KL1411 (a); 
Langkawi, Palo Lingsong (?), Curtis, 1890 (em). Prrak: Pangkore Island, 
Scortechini 983 (kK), Burkill & Shah HMB 240 (x, L). PERLIs: Chapnema (?), 
Ridley 14916 (em). Yata: Pulau Penang, Telok Bahang, Toi, 1905 (sm), 
Sinclair SFN 39304 (1). WitHouT Locality: Maingay 1308/3 (L). Singapore. 
Griffith 4376 (xk-holotype of L. pauciflorum); Changi, Ridley 1858 (BM); 
Botanic Gardens, Kiah SFN 37931 (eM, L). Sarawak. Kuching, Haviland 1759, 
Oct. 1892 (t-holotype of L. longiflorum; BM, GH, K), Brooke 9696 (c, L); 
Binatang, J.A.R. Anderson 9047 (L); Tanjong Po, Brooke 10603 (c); near 
Long Kapa, Mount Dulit (Ulu Tinjar), Richards 1312 (a, K). British North 
Borneo. Sandakan and vicinity, Ramos 1799 (a, us); Gaya Island, Haviland 
1440 (kK). Borneo. W. Borneo: zwischen Sungai Déjméla und Gining 
K(e)lamm, Hallier B.2261 (isotypes of L. leucodipterum, L, P). 


My treatment of this group of specimens as a single species requires 
more than a perfunctory explanation because of the recent work of Hou 
(1960) for the Flora Malesiana in which the treatment differs. Geo- 
graphically, the specimens can be divided into two groups, one restricted 
to the island of Borneo and the other to peninsular Malaya. I shall dis- 
cuss the relationship of the Bornean specimens to each other and to 
peninsular specimens (when of some significance). 

Hou (1960) has recognized two species from Borneo, Linostoma pauci- 
florum and L. longiflorum. His key to these species is based upon differ- 
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ences in the bracts, particularly the size and the degree to which they 
cover the lower half of the calyx tube, as well as the length of the calyx 
tube. On the basis of his key I have seen two collections which clearly 
can be placed with L. longiflorum; they are Haviland 1759 (type of L. 
longiflorum) and Anderson 9047. In addition, Jahri 166 may belong with 
this unit, but the Leiden specimen examined lacks inflorescences. It has 
been annotated by Hou as L. longiflorum, and he may have seen a more 
complete specimen from the Bogor herbarium. 

The leaves of the two “species” are extremely variable in shape and 
size, although the leaves of Haviland 1759 tend to be the broadest of all 
Bornean collections (but no broader than those found on some of the 
peninsular specimens). There appears to be no certain way to separate 
two species on the basis of either leaf shape or size. 

As already indicated in the introductory comments, the structure of 
the leaf is rather constant throughout the genus, but several character- 
istics in this connection are of interest. The stomata of this species are 
similar to those of Linostoma persimile but quite different from those of 
L. decandrum. The lower leaf surface often appears farinose under mag- 
nification. This phenomenon is due to the papillate shape of the outer 
periclinal wall of individual cells of the lower epidermis. This condition 
can be demonstrated to a greater or lesser degree in most of the collections, 
either peninsular or insular and including the type of L. longiflorum, but 
is not found elsewhere in the genus. Finally, it must be mentioned that 
Hallier in the original description of L. longiflorum made reference to a 
fungal infection in the type. It was thus a surprise to find the leaves of 
Anderson 9047 similarly affected. None of the Bornean collections refer- 
able to L. pauciflorum (by Hou’s system) appears, on the basis of cleared 
leaves, to be infected, and to draw a conclusion is almost irresistible. 

The basic structure and size of the inflorescence is essentially the same 
in both “species,” although there are certain differences which require 
discussion. In Linostoma longiflorum the number of flowers per inflores- 
cence is one, whereas in L. pauciflorum it is rarely one, generally two: 
(Borneo), and sometimes as many as five (peninsular). There does not 
seem to be any real correlation between the number of flowers per in- 
florescence and their size as one might expect to find. 

The position of the bracts near the summit of the primary peduncle is 
the same in all Bornean specimens. In the peninsular specimens, in which 
the bracts are alternate, one of the pair is borne at the summit of the 
primary peduncle. This distal position of the bracts gains importance 
because it is unique within the genus (other species having the bracts 
borne at the middle of the primary peduncle or below). 

The importance of the bracts themselves is magnified by their use as 
a “key” character. In Linostoma longiflorum the bracts vary in length 
from 2-12 mm. and their shape is usually linear or linear-lanceolate. The 
bracts of specimens referable to this species which I have cleared seem to 
have a poorly differentiated vascular system, perhaps an indication that 
growth of the bract had ceased before attainment of “mature” form. The 
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bracteole, in contrast, is well developed. In L. pauciflorum the bracts 
vary from 8-35 mm. in length, and the shape, although variable, is con- 
siderably broader than that found in L. longiflorum. The bracteole, in 
contrast, is poorly developed and is sometimes reduced to only a small 
lump of tissue in the axil of which stands a tuft of trichomes. It is tempt- 
ing to consider a type of developmental anomaly which indiscriminately 
“stunts” the growth of the bracts (L. longiflorum) on the one hand and 
growth of the bracteole (L. pauciflorum) on the other. 


900008 


2 


Text Fic. IV. Variation in bract size and shape in two collections of Lino- 
stoma pauciflorum: 1, Hallier B.2261, from Borneo; 2, Haviland 1759, from 
Sarawak (Natural size). 


Outlines of a series of bracts showing extremes in variation from two 
collections representing Linostoma longiflorum (Haviland 1759) and L. 
pauciflorum (Hallier B.2261) are presented in Text Fic. IV. It is of 
more than casual interest that a size overlap occurs and that the largest 
bract in the Haviland collection is quite similar in shape to the smallest 
bract found in the Hallier collection. Additional collections from Borneo 
will be necessary before this problem of size variation and overlap can be 
evaluated. It should be obvious at this point that the degree to which 
the bracts cover the base of the calyx tube is determined by the length 
of the bracts. This does not mean that the key does not work in the 
area of overlap. There are generally enough bracts on the available speci- 
mens to indicate strikingly to which “species” the specimen belongs, but 
I think that it does detract from the validity of this key character. 

Generally speaking, the vegetative portions of a plant may be expected 
to be more variable than reproductive structures. To check this general- 
ity a study of morphological and, to a lesser degree, anatomical character- 
istics of the flower was made. As in the case of the leaves, the sample is 
extremely small, but the floral characteristics showed a striking homo- 


1961] NEVLING, REVISION OF LINOSTOMA only) 


geneity which cannot be easily dismissed. The calyx tube is the same 
shape and has the same type of pubescence in all Bornean collections. 
In flowers of insular specimens the calyx tube is variously villous within 
and is in sharp contrast to those of the peninsula in which the calyx tube 
is glabrous within. This difference is not considered taxonomically sig- 
nificant. The length of the calyx tube (a key character) is variable but 
it does not have a comparable overlap as found in bract size. In Linostoma 
pauciflorum it varies from 13-15 mm. in length (insular) and from 7-15 
mm. in length (peninsular), whereas in L. longiflorum it varies from 17-25 
mm. in length. Tube measurements must be taken from flowers at anthesis 
as there is considerable elongation of the tube immediately prior to an- 
thesis. The occasional oblanceolate shape of the calyx lobes is a charac- 
ter shared by both “species” and is unique within the genus. The margin 
of the calyx lobe is sometimes furnished with a few very small trichomes 
in L. pauciflorum (both insular and peninsular) but I have not seen them 
in the two collections referable to L. longiflorum. 

The petals of the two are alike in shape, size, insertion, and degree of 
exsertion. Indeed, in the original description of Linostoma longiflorum 
Hallier says of petals and stamens, ‘“‘fere ut in sp. praecedente”’ (L. leuco- 
dipterum,* synonymous with L. pauciflorum). The most striking point is 
that the petals are vascularized by a single vascular strand, a condition 
that is once again unique within the genus (the other species lacking vas- 
cularization of the petals altogether). 

Similarities within the androecium are also to be found as indicated by 
Hallier’s original description of Linostoma longiflorum. The insertion of 
the stamens and their relative exsertion is the same in all specimens. The 
peculiar swelling of the filament towards its summit is common, as is the 
very expanded connective. (The connective is enlarged to the extent that 
the pollen sacs are displaced to its lateral margins and one wonders whether 
or not the dehiscence can be spoken of any longer as introrse.) Examina- 
tion of the pollen shows similar size and sculpturing of the exine (which 
is, however, rather constant throughout the genus). The disc is the same 
type in all specimens. 

The gynoecium is notable for the very long stipe (longest in the genus) 
which gradually tapers into the ovary. The pubescence of the stipe and 
ovary is similar and differs from other species in that the trichomes 
tend to be shorter and blunter. However, it is in the vascularization of 
the ovary that the soundest factual homogeneity is found. That is not 
to say there is no variation in the specimens of this species, for there cer- 
tainly is, but it is the kind of variation that is indicative of a basic rela- 
tionship. A series of camera lucida drawings made from cleared and 
stained ovaries from Ridley 1858 (representative of peninsular L. pauci- 
florum), Hallier B.2261 (isotype of L. leucodipterum) and Haviland 1759 
(isotype of L. longiflorum) is presented in Text Fic. III, 3-5. In all 
three examples a well-developed ovular trace is present, in contrast to 
the very poorly developed or obsolete (?) ovular trace of other species 


* Holotype deposited at Begor and not seen by me, isotypes at Leiden and Paris. 
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(see Text Fic. III, 1, 2). In addition, the number of accessory traces is 
notably decreased and a trend of reduction within the series itself seems 
a remote possibility. 

In summation, the combination of shared morphological and anatomical 
characteristics which are often unique within the genus is overwhelming 
evidence of the conspecific nature of this group. In addition, I think that 
the dissimilarities noted, which are of a quantitative and not a qualitative 
type, fall within the range of variation that could be expected within a 
single species of this family. 


STATUS UNDETERMINED 


Psilaea Miquel, Fl. Ind. Bat. Suppl. 355. 1860 (Type: P. dalbergioides). 
Psilaea dalbergioides Miquel, ibid. (Type: Teysmann ?). 


This genus and species were based by Miquel on a Teysmann collection 
from Siboga |sic, Sibolga], Sumatra. Presumably the specimen would be 
deposited in the herbarium at Utrecht but no record can be found of it 
there at present. 

Kurz (1870, p. 82, 83) in a discussion following the description of 
Linostoma siamense says that he has authentic specimens of the type 
species (Psilaea dalbergioides) and “‘cannot see how the species should 
differ from Linostoma pauciflorum, Griff.” From his short discussion two 
important conclusions can be drawn: (1) that Kurz did not distinguish 
between Linostoma and Enkleia; (2) that he had an authentic specimen 
during his curatorship at the Royal Botanic Gardens, Calcutta. I have 
not yet determined whether this specimen is extant at Calcutta. 

This species has been referred repeatedly to the synonymy of Linostoma 
pauciflorum. I feel that this action is the result of Kurz’s comments, and 
that it involved no subsequent investigation. Inasmuch as Kurz did not 
distinguish between Linostoma and Enkleia I prefer to defer a decision 
regarding this name until the type is located or authentic specimens from 
Sumatra may be examined. I have not seen any specimens from Sumatra 
referable to the genus Linostoma to date, although Hou (1960) gives 
Simalur as a locality for L. pauciflorum. 


Linostoma sect. Psilaea (Miq.) Hallier f. Med. Rijksherb. no. 44, 28. 
1922. 


Hans Hallier (1922) when treating the genus Linostoma split it into 
two sections: Eulinostoma Meissner, including only L. decandrum, and 
Psilaea, presumably based on Miquel’s Psilaea dalbergioides as indicated by 
parenthetical credit, including Hallier’s two new species L. leucodipterum 
and L. longiflorum. Although his brief descriptions would fail to hold 
today and infrageneric categories, with the exception of species, are con- 
sidered unnecessary in view of the small number of species, his concept 
was in essence correct. Linostoma decandrum, on the basis of several 
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morphological characteristics, stands isolated from L. persimile and L. 
pauciflorum. 


Linostoma incertae sedis 


A collection from Brunei, Ashton BRUN 573, has caused me consider- 
able concern. It is an immature flowering specimen which is somewhat 
abnormal due to a fungal infection. The original identification was “Lino- 
stoma leucodipterum Hall. f.,” subsequently modified to ‘“Linostoma 
pauciflorum Griff.” by Hou (annotation, 1958, and Identification Lists 
of Malaysian Specimens, July, 1960). Superficially it does resemble this 
species, but closer examination shows some differences, such as general 
pubescence, position of the inflorescence, number of flowers per inflores- 
cence, lack of a disc, and pubescence and shape of the ovary. I should not 
be surprised to find that it represents an undescribed species but believe 
that any taxonomic designation at this time would be premature. I have, 
however, taken the liberty of including here a description which the 
reader will appreciate as being lacking in many respects. 

Climber to 25 m. tall; young stems generally slender, terete, ferrugi- 
neously tomentulose and glabrescent, the lenticels inconspicuous; axillary 
branches normal. Leaf blades ovate to lanceolate, 24.5 cm. long, 1-2 
cm. broad, acute to obtuse at the apex, cuneate to obtuse at the base, 
chartaceous, glabrous, except for occasional trichomes beneath, darker 
above than below, the costa immersed above, elevated beneath, the primary 
lateral veins many, parallel and more or less straight, the submarginal 
vein well developed, coinciding with the margin; petiole canaliculate, 
sparsely tomentose, 1-3 mm. long. Inflorescences simple, borne termi- 
nally on the young stems or axillary branches, (5—) 10—16-flowered, sparsely 
tomentose, the primary peduncle 2—3 cm. long, the rachis 1-2 mm. long, 
the secondary peduncles about 0.5 mm. long, the bracts (with fungal in- 
fection) borne below the middle of the primary peduncle, opposite or 
subopposite, narrowly elliptic, 2-3 cm. long, 0.5—1 cm. broad, obtuse at 
the apex, cuneate at the base, membranaceous, sparsely puberulent both 
surfaces, the bracteole borne at the summit of the primary peduncle, linear, 
0.5—2 mm. long. Immature flowers: calyx tube short-tubular, 1-3.5 mm. 
long, 0.5-1.5 mm. in diameter at the orifice, sparsely strigose without, 
glabrous within, cream-colored; calyx lobes ovate, 1 mm. Jong and broad, 
erect, glabrous within; petals inserted at the orifice, linguiform, 1-2 mm. 
long, ca. 0.75 mm. broad, acute at the apex, glabrous, exserted beyond 
the stamens; stamens borne in 2 whorls, the antisepalous whorl inserted 
just below the petals, exserted, the alternisepalous whorl about an anther’s 
length below the antisepalous whorl, included, the filaments 0.5—0.75 mm. 
long, glabrous, the anthers oblong, to 0.5 mm. long and broad; disc absent; 
ovary ovoid, ca. 1 mm. tall, densely hirsute, style and stigma poorly differ- 
entiated; pedicel to 4 mm. long. 


Brunei. Collected in September in primary forest, altitude 50 meters, Andulau 
F.R., Ashton BRUN 573 (12). 
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EXCLUDED TAXA 


LinosTomMa subg. Linostoma Kurz, Jour. As. Soc. Bengal 39(2): 83. 1870, as 
to species cited. = Enkleia Griff. 

LrnosToMa sect. LopHosToMA Meissn. in Mart. Fl. Bras. 5(1): 72. 1855 (Type: 
L. calophylloides Meissn.) = Lophostoma Meissn. ~ 

LINOSTOMA ALBIFOLIUM Rodr. Vellosia 1885-88. ed. 2. 67. t. 20. 1891 = Lopho- 
stoma albifolium (Rodr.) Gilg in Engl. & Prantl Nat. Pflanzenfam. III. 6a: 
232. 1894. 

LINOSTOMA ANDAMANICA Hutchinson ex C. E. Parkinson, Forest Flora Andaman 
Isl. 2291. 1923 = Enkleia sp. 

LINOSTOMA CALOPHYLLOIDES Meissn. in Mart. Fl. Bras. 5(1): 72. 1855 = 
Lophostoma calophylloides (Meissn.) Meissn. in DC. Prodr. 14: 600. 1857. 

LINOSTOMA DINIzII (Huber ex Ducke) Lemee, Fl. Guyan. Fr. 3: 108. 1953 = 
Lophostoma dinizii Huber ex Ducke, Arch. Jard. Bot. Rio de Janeiro 1: 51. 
1915. 

LINOSTOMA SCANDENS (Endl.) Kurz, Jour. As. Soc. Beng. 39(2): 83. 1870 = 
Enkleia sp. 

LINOSTOMA SCANDENS var. CAMBODIANA Lecomte, Nat. Syst. 3: 127. 1915. 
(Type: Pierre 511!) = Enkleia sp. 

LINOSTOMA SIAMENSE Kurz, Jour. As. Soc. Beng. 39(2): 82. 1870 (Type: 
Teysmann 5986!) = Enkleia sp. 

LINOSTOMA THORELII Lecomte, Not. Syst. Paris 3: 127. 1915 (Type: Thorel 
2823!) = Enkleia sp. 
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THE GENERA OF VIOLACEAE IN THE SOUTHEASTERN 
UNITED STATES 1 


GrorcE K. Brizicky 
VIOLACEAE Batsch, Tab. Affin. Reg. Veg. 57. 1802, ‘Violariae.’ 


(VIOLET FAMILY) 


Herbs [to shrubs (sometimes scandent) or trees] with alternate [rarely 
opposite], simple, usually stipulate leaves. Flowers [regular or] irregular, 
bisexual [rarely unisexual or polygamous], 5-merous (except gynoecium), 
solitary to few in the leaf axils [or in racemose or cymose inflorescences]. 
Sepals distinct [rarely connate at base], imbricate [or open] in bud, 
usually persistent. Petals distinct, hypogynous, usually imbricated, un- 
equal [or equal], the lowermost larger than the others and often spurred, 
saccate, or gibbous at base. Stamens 5, alternipetalous, hypogynous, the 
lowermost two [or all the stamens] often with a gland-, [scale-], or spur- 
like nectary on the back (abaxial side) [the glands sometimes connate 


into a “staminal sheath”]; filaments distinct [or connate]; anthers 2- 


locular at anthesis, introrse, longitudinally [very rarely transversely] de- 
hiscent, connivent or connate into a sheath around the ovary, the broad 
connective usually produced beyond the anthers into a membranaceous 
appendage. Gynoecium 3[rarely 2, 4, or 5]-carpellate, syncarpous; stigma 


simple [rarely 3—5-lobed]; style simple, terminal, sometimes flexuous in 


the lower part, [filiform to] columnar or clavate, with variously shaped 
apex (‘“‘stylar head’’); ovary superior, 1-locular, with 1-many anatropous 
ovules on each of 3 parietal placentae. Fruit a loculicidal, 3-valved cap- 


1Prepared for a generic flora of the southeastern United States, a joint project of 
the Arnold Arboretum and the Gray Herbarium of Harvard University which has 
been made possible through the support of George R. Cooley and the National Science 
Foundation. This treatment follows the pattern established in the first paper in the 
series (Jour. Arnold Arb. 39: 296-346. 1958) and continued through those in volumes 
40-42 (1959-1961). It should be repeated that the area covered by this work is 
bounded by and includes North Carolina, Tennessee, Arkansas, and Louisiana. The 
descriptions are based primarily on the plants of this area, with any supplementary 
material in brackets. References which the author has not seen are marked by an 
asterisk. 

The results of the study of Violaceae are somewhat more voluminous than had 
been anticipated. In order to provide a better understanding of the taxonomic- 
biological complexity of Vzola an outline of the subsections has been considered an 
exceptional necessity. The key for the sections is based chiefly on the shape of the 
stylar head, a character which at least in some cases is liable to subjective perception 
and evaluation. The literature on Viola is very extensive and the references included 
are more numerous than usual. 

The author is indebted to Dr. Carroll E. Wood, Jr., for his criticism and valuable 
suggestions, and to Mrs. Gordon W. Dillon, for her careful help in the preparation of 
the manuscript. 
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sule [or a berry, very rarely nutlike]. Seeds with endosperm, often carun- 
culate. Typr GENUS: Viola L. 


A family of 18° [primarily tropical] genera with about 800 species dis- 
tributed all over the world. Only Viola, Melicytus,.and Hymenanthera 
occur chiefly or exclusively in the temperate zone, the first being of wide 
distribution, the two latter centered in New Zealand. Of the remaining 
genera nine are tropical American, two tropical African, one South Pacific 
(New Caledonia, Fiji, New Guinea), one Hawaiian, and two exclusively 
(Rinorea, with ca. 260 species) or primarily (Hybanthus, with ca. 80 
species) pantropical. The family appears to be a very natural one, espe- 
cially the subfamily Violoideae Melch. (including 17 genera), which is 
subdivided into the tribes Rinoreae, with regular or slightly irregular 
flowers (e.g., Rinorea, Gleospermum, Rinoreocarpus), and Violeae, with 
markedly irregular flowers (e.g., Hybanthus and Viola). 

All the genera appear to be entomogamous, but pollination data have 
been reported only for Viola. Cleistogamy is known only in Viola and 
Hybanthus, which have also been investigated in regard to embryology. 
The cytogenetics of Viola have been studied extensively; however, there are 
available only a few chromosome counts for five additional genera, i.e., 
Rinorea, 2n = 24 (1 sp.), Decorsella, 2n = 20 (monotypic), Hybanthus 
2n = 24 (1 sp.), Melicytus, 2n = 32, 64, 96 (4 spp., 3 vars.), and Hymen- 
anthera, 2n = 32, 64 (6 spp.). Taking into consideration these and the 
chromosome numbers in Viola (q.v.) one may assume that the polyploidy 
may be of wide distribution in the family and probably played an important 
role in the origin of species. Anchietea (South America) and Decorsella 
(Africa) are notable for capsules dehiscing when very young (almost im- 
mediately after the pollination of the ovary) so that the seeds mature 
uncovered. 

The family is closely related to Flacourtiaceae and through the latter 
with Turneraceae, Malesherbiaceae, and Passifloraceae. A relationship 
with Cistaceae seems probable. 

The economic significance of the family is mainly based on the orna- 
mental value of numerous species of Viola. 


REFERENCES: 


For chromosome numbers of genera beyond our range see BEUZENBERG & 
Harr, New Zealand Jour. Sci. 2: 533-535. 1959; Mancenot & MANGENOT, 
Bull. Jard. Bot. Bruxelles 27: 653. 1957. 

HEILBoRN, O. Bidrag till Violaceernas cytology. Sv. Bot. Tidskr. 20: 414-419. 
1927. [Hybanthus parviflorus (L. f.) Baill., 21 = 24; chromosome counts 
on Viola. | 

Knutu, P. Handbuch der Bliitenbiologie. 2(1). 1898 [Violaceae, 137-149]: 
3(1). 1904 [Violaceae, 501]. 

Metcuior, H. Violaceae. Nat. Pflanzenfam. ed. 2. 21: 329-377. 1925. [Viola 
by W. Becker. | 

. Die phylogenetische Entwicklung der Violaceen und die natiirlichen 
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Verwandtschaftsverhaltnisse ihrer Gattungen. Repert. Sp. Nov. Beih. 
36: 83-125. 1925. 

REIcHE, K., and P. Tausert. Violaceae. Nat. Pflanzenfam. III. 6: 322-336. 
1895. 


Taytor, F. H. Comparative anatomy of the secondary xylem in the Violaceae 
and Flacourtiaceae. (Abstract.) Am. Jour. Bot. 25(Suppl.): 20s. 1938. 


Key TO THE GENERA OF VIOLACEAE 


Sepals not auricled at base; lowermost petal gibbous at base; anthers connate, 


the abaxial glands of the two lowermost stamens connate. .. 1. Hybanthus. 
Sepals auricled at base; lowermost petal spurred at base; anthers connivent, the 
abaxial spurs of the two lowermost stamens distinct. .......... 2. Viola. 


1. Hybanthus Jacquin, Enum. Pl. Carib. 2. 1760, nom. cons.? 


Herbs [to shrubs] with alternate [opposite] leaves. Flowers small [or 
medium-sized], greenish white [white or blue to violet], pediceled, soli- 
tary to few in leaf axils [or in racemose, rarely cymose, inflorescences]. 
Sepals distinct, imbricate in bud, nearly equal. Petals distinct, imbricate, 
slightly [or considerably] unequal, the lowermost always largest and 
gibbous or saccate at base. Stamens with filaments distinct [or connate], 
each of the 2 [rarely 4] lowermost bearing a nectar gland [or spur] on 
back (abaxial side), the glands connate into one 2-lobed [or entire] nectary 
[or distinct]; anthers connate [or connivent] into a sheath inclosing the 
ovary, each connective prolonged beyond the anther into a membranaceous 
appendage. Gynoecium 3-carpellate; stigma small, simple; style usually 
club-shaped, the apex hooked [or slightly curved], with stigmatic opening 
directed forward [abaxially]; ovary 1-locular; ovules 2-integumented 
with a thick nucellus, 3 [to numerous] on each placenta. Capsule 
9[—many ]-seeded; seeds relatively large, globose [or ovoid], carunculate, 
with copious endosperm and large, straight, axile embryo with flat coty- 
ledons. (Including Cubelium Raf., Ionidium Vent., Solea Spreng.) TyPE 
species: H. havanensis Jacq. (Name from Greek, kybos, hump-backed, 
and anthos, flower, referring to the gibbous flowers.) 


A largely pantropical genus of about 80 species centered in tropical 
South America but extending into the Temperate Zones in Uruguay, Ar- 
gentina, and Chile, in southern Australia, and in North America. The 
northernmost species is Hybanthus concolor (T. F. Forst.) Spreng. 
(Cubelium Raf., Ilonidium Benth. & Hook. f. ex S. Wats., Solea Ging. 
ex DC.), green violet, a perennial herb with alternate leaves and small 
greenish-white flowers solitary in two’s or three’s in the leaf axils, which 
ranges from Georgia to Mississippi, Arkansas, and Kansas, northward to 
Wisconsin (?), Michigan, southern Ontario, New York, and Connecticut. 
Two other species, H. verticillatus (Ort.) Baill. (H. linearis (Torrey) 
Shinners) and H. attenuatus (Humb. & Bonpl.) G. K. Schulze reach their 


2 Conservation unnecessary; see Rickett & Stafleu, Taxon 8: 314. 1959. 
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northern limits westward beyond our range in Kansas and Colorado and 
in southern Arizona, respectively. 

The occurrence of small, cleistogamous flowers with petals reduced or 
wanting and with,two or five glandless stamens has been recorded in 
H. concolor and in the South American H. communis (St. Hil.) Taub. and 
H. Ipecacuanha (L.) Baill. Only H. parviflorus (L. f.) Baill., 2n = 24, 
has been investigated cytologically. The rhizome and roots of H. Ipeca- 
cuanha have sometimes been used as a substitute for true ipecac (Cephaé- 
lis Ipecacuanha (Brot.) A. Rich., and C. acuminata Karst., Rubiaceae), 
an emetic. Roots of several other species are used locally in South America 
and Asia as emetics and against diarrhea. Although the genus includes 
spiny shrubs to rosette plants, the delimitation of subgeneric categories 
awaits a much-needed taxonomic revision. Hybanthus is presumably most 
closely related to Viola (Melchior). 


REFERENCES: 

See also under family references HEILBoRN (1927) and MELcHIor (Nat. 

Pflanzenfam., 357-360). 

AnprEws, F. M. Development of the embryo-sac of Hybanthus concolor. Bull. 
Torrey Bot. Club 37: 477, 478. 1910. 

BEAUVISAGE, G. L’inuline dans les Jonidium, Etude anatomique du faux Ipéca- 
cuanha blanc du Brésil (Jonidium Ipecacuanha). Bull. Soc. Bot. Lyon II. 
6: 12-24. 1 pl. 1888. 

BERNOULLI, G. Zur Kenntniss dimorpher Blithen. Bot. Zeit. 27: 17-19. 1869. 
[H. communis (as Ionidium commune St. Hil.), cleistogamy, 18, 19.] 
Cote, E. J. Cleistogamous flowers on Solea concolor. Asa Gray Bull. 6: 50. 

1898. [H. concolor. | 

NIEuwLanp, J. A. Cleistogamy in Cubelium. Am. Midl. Nat. 4: 501, 502. 
1916. 

Raju, M. V. S. Seed development and fruit dehiscence in Jonidium suffruti- 
cosum Ging. Phytomorphology 8: 218-224. 1958. [= H. enneaspermus 
(L.) F. Muell.] 

SAYEEDUD-D1n, M. Some common Indian herbs with notes on their anatomical 
characters. X. Jonidium suffruticosum Ging. (Violaceae). Jour. Bombay 
Nat. Hist. Soc. 43: 475-477. pls. 1-3. 1942. [H. enneaspermus. | 


2. Viola Linnaeus, Sp. Pl. 2: 933. 1753; Gen. Pl. ed. 5. 402. 1754. 


Herbs [rarely shrubs or subshrubs], often acaulescent, with alternate, 
petioled [or sessile] leaves. Flowers usually on 1-flowered, solitary pe- 
duncles borne in the axils of cauline leaves or (in acaulescent species) 
directly from the rhizome and stolons; cleistogenes often following the 
normal, chasmogamous flowers. Sepals subequal, auricled at base. Petals 
unequal, the lowermost the largest and spurred at base. Stamens with 
short, distinct filaments, the 2 lowermost bearing spurlike [or wartlike] 
nectaries projected into the spur of the lowest petal; anthers usually con- 
uivent into a sheath inclosing the ovary, each connective produced at 
apex into a conspicuous, membranaceous appendage; pollen 3(4—6)-col- 
pate, spheroidal to ellipsoidal, smooth, medium-sized to large. Stigma 
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simple, terminating a stylar beak or situated on the abaxial side, rarely 
on the summit, of the beakless stylar head; style + columnar, curved -£ 
forward (rarely upward) at apex, terminating in a beak (rostrum), or 
enlarged upward into a + capitate, sometimes margined and helmet-like 
[or variously appendaged], abaxially beaked or beakless stylar head ; 
ovules 3—many on each placenta, 2-integumented, with a thick nucellus. 
Seeds globular to obovoid, usually smooth, often carunculate; endosperm 
copious; embryo straight, axile, with rather thick, plano-convex cotyle- 
dons. Lectotype species: V. odorata L.; see Britton & Brown, Illus. 
Fl. North. U. S. ed. 2. 2: 546. 1913. (Name classical Latin, Viola, the 
digammated form of Greek, iolon, a diminutive of ion, a violet, or some 
other flower.) 


A genus of about 400 species, of world-wide distribution, centered in 
the North Temperate Zone, restricted to mountains in the tropics. A few 
species occur in the Arctic Zone in the Old World and in the Subarctic 
Zone of North America; the southernmost limits are South Africa, New 
Zealand (3 spp., 2 endemic), and Tierra del Fuego. Although the Andes 
of South America abound with endemic species exhibiting a great diversity 
of floral patterns, only a small number are known from the tropical moun- 
tains of the Eastern Hemisphere. The Hawaiian Islands are notable for 
eight endemic, mostly frutescent (single-stemmed) species (often with 
racemose inflorescences) which represent a special section, NoSPHINIUM 
W. Becker (e.g., V. tracheliifolia Ging., V. robusta Hilleb., 2n = ca. 76, 
V. mauiensis Mann, 2n = 82, ca. 85, ca. 86). Nearly 80 species in four 
of fourteen sections recognized by Becker (1925) are represented in North 
America. 

The tentative classification followed below is essentially that of Clausen 
(1929 and especially 1951) and is based mainly on floral characters 
(especially the type of stylar head), chromosome numbers, and, to a 
lesser degree, crossing relationships. The sections given in the key are 
divided into subsections within which the species are connected by fertile 
to partially sterile hybrids and between which connections are usually 
through sterile hybrids. Intersectional hybrids are difficult to produce, 
and only two instances of vigorous but completely sterile intersectional 
hybrids are known. No intersectional hybrids involving sect. MELANIUM 
have been produced. Chromosome numbers have been reported for about 
160 species. 


Key TO THE SECTIONS OF VIOLA IN THE SOUTHEASTERN UNITED STATES 


A. Upper portion of style variously shaped, beaked or beakless, without a lip- 
like appendage (“‘lip”) at base of the stigmatic opening; rhizomatous peren- 
nials, usually with bractlike stipules. 

B. Style enlarged upward, capitate, beakless, the stigma within a minute 
opening on the lower (abaxial) side of the stylar head; flowers usually 
yellow, or white with bases of petals and/or spur yellow; usually caules- 
(ReVORG sel eh meshes as BCI cat op ase er Nel ae eae ate Sect. CHAMAEMELANIUM. 
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B. Style various, beaked at apex, very rarely beakless; flowers blue to violet, 
creamy, or white (without any yellow). 

C. Style clavate, depressed-capitate and often margined, beaked on the 
lower side of the stylar head (or in V. pedata obliquely concave at 
summit, beakless); acaulescent. ............ Sect. PLAGIOSTIGMA. 

C. Style + columnar, apex beaked and + bent or curved forward, 
rarely almost straight pointing forward and upward; acaulescent or 
Caulescents UL ee a rn oe, ene eee ee eee Sect. VIoLa. 

A. Upper portion of style capitate-globular, beakless, bearing on the lower side 
a wide stigmatic opening with a “lip” at its base; flowers bluish white, 
creamy, or lavender (or yellow and/or blue to dark violet); usually caules- 
cent annuals or biennials with large, leaflike, pinnately dissected, + lyrate, 
Stipules. sz: hate ee heer aaa pte te toe Sect. MELANIUM. 


Section CHAMAEMELANIUM Ging. (sensu Clausen), including North 
American and Eurasian species forming a polyploid series on a base of 
six (2n = 12, 24, 36, 48 (60), 72), is considered to be the most primitive 
of the genus (Clausen, 1929). Six subsections occur in North America, 
three in our area. Subsection Nudicaules W. Becker comprises yellow- 
flowered caulescent violets with one to few basal leaves and stems leafy 
only toward the summit. The four eastern North American species, V. 
pubescens Ait. (2n = 12), V. eriocarpa Schwein. (V. pensylvanica Michx., 
fide Fernald) (2n = 12), V. hastata Michx., and V. tripartita Ell., occur 
in our area. Putative natural hybrids intermediate in morphology and 
ecology between the first two species have been recorded (Russell, 1960), 
and the lines between the two are often blurred. Subsection Canadenses 
W. Becker (Erectae, Canadenses W. Becker) includes North American 
white-flowered caulescent violets (‘“‘Canada violets”) represented in our 
area by V. canadensis L. (2n = 24), lacking stolons and ranging from 
Alabama to Tennessee and North Carolina and west- and northward far 
beyond our area, and the stoloniferous V. rugulosa Greene, which reaches 
its southern limit in northwestern North Carolina and eastern Tennessee. 
Experimental hybrids between the two are vigorous and fertile, and both 
intergrade in areas of overlap, suggesting their treatment as parts of a 
single species (Russell, 1960). Cleistogamous flowers are not produced in 
this subsection. Subsection Orbiculares Pollard sensu stricto (subsect. 
Rotundifoliae Clausen, ined. 1929, not Borbas, 1892) includes only V. 
rotundifolia Michx., 2n = 12, a yellow-flowered stemless violet, which 
extends southward along the Appalachians to Georgia and Tennessee. The 
species is relatively invariable, and there are no indications of hybridiza- 
tion or introgression with other species. This subsection seems to form 
a transition to sect. PLAGiosticma (Clausen, 1929). No natural hybrids 
between subsections have been found, and experimental crosses have 
either failed or produced dormant seeds or weak seedlings. 

Section PrLaciosticMa Godr. (sensu Clausen, 1951) (§ Nomimium 
Ging., in part; § Nomimium subsect. Plagiostigma auct.) comprises Eura- 
sian and North American white- to violet-flowered acaulescent species 
forming a polyploid series based on twelve (2n = 24, 48, 72, 96), with 
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some exceptions (2n = 44, 54, 56). Subsection Primulifoliae Gershoy 
(§ Nomimium, Stolonosae Kupff. sensu W. Becker, in part; § Plagiostigma 
subsect. Stolonosae Clausen, 1951; Stolonosae, Primulifoliae Gershoy ) 
includes usually stoloniferous white violets with slender, cordlike rhizomes, 
cleistogamous flowers with erect peduncles, and ellipsoid green capsules. 
Viola lanceolata subspp. lanceolata and vittata (Greene) Russell (V. vit- 
tata Greene), both 2m = 24; V. Macloskeyi F. E. Lloyd subsp. pallens 
(Banks) M. S. Baker (V. pallens (Banks) Brainerd), 2n = 24; and V. 
primulifolia L. subspp. primulifolia and villosa (Eaton) Russell (including 
V. rugosa Small), both 2n = 24, represent the group in our area. These 
species seem to intercross freely, and putative natural hybrids of all of 
them have been recorded. Experimental hybrids between V. Macloskeyi 
subsp. pallens and V. lanceolata, as well as V. primulifolia, have been 
reported to be fertile. 

Subsection Blandae Pollard, in part (Stolonosae ser. Blandae Gershoy, 
Incognitae Clausen), is composed of the closely related Viola incognita 
Brainerd and V. blanda Willd., which differ from the preceding white- 
flowered species in the prostrate peduncles of cleistogamous flowers, the 
ovoid, purplish or reddish capsules, and the chromosome number (2” = 
44). Primarily northeastern, both reach their southern limits in our area. 
Where the two are in contact “there is morphological intergradation, due 
to relatively unrestricted intercrossing” (Russell, 1955). 

Subsection Boreali-Americanae W. Becker, the acaulescent ‘“‘blue”’ violets, 
includes exclusively North American species with fleshy, thickened rhi- 
zomes without stolons, blue-to-violet flowers (white in albinic forms), 
and a common chromosome number (2” = 54). About ten of the twenty- 
five species recorded from our area are primarily or exclusively south- 
eastern. Others (as Viola papilionacea Pursh [including V. Priceana Pol- 
lard], V. palmata L., V. cucullata Ait., V. sagittata Ait., and V. fimbri- 
atula Sm.) are of wide distribution in eastern North America. The species 
intercross freely, and numerous natural and experimental hybrids, the 
latter vigorous and usually fertile, are known. Introgression seems to be 
frequent. At least some of the species probably should be reduced to 
subspecific rank. This subsection is one of the most difficult groups taxo- 
nomically, both because of general morphological similarities and because 
“frequent hybridization tends to obliterate not only the morphological 
differences, but also the more sharply marked ecological preferences” 
(Russell, 1960). Experimental hybrids between subsects. Primulifoliae 
and Boreali-Americanae, 2n = 39, 51, are sterile. 

Subsection Pedatae Pollard differs from the preceding primarily in the 
clavate beakless style, obliquely concave at the summit and bearing the 
stigma within a small protuberance near the center of the cavity, as well 
as in chromosome number (2m = 56). The single species, Viola pedata 
L., widely distributed in eastern North America, is considered to be most 
closely related to V. Brittoniana Pollard (Boreali-Americanae). The ab- 
sence of cleistogamous flowers has been regarded as characteristic, but 
these have been recorded by Hills (1946) in plants cultivated in England. 
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No natural hybrids are known, and experimental attempts have failed. 
However, Russell and Bowen concluded (on the basis of vegetative features 
alone!) that a form with unusual leaf variation in North Carolina was 
probably the result of hybridization and subsequent introgression between 
V. pedata and V. primulifolia subsp. villosa (subsect. Primulifoliae). 

Section VioLta (§ Nomimium Ging., in part; § Rostellatae Boiss. sensu 
Clausen, 1951) includes North American, Eurasian, and North African 
species of a polyploid series based on ten (2m = 20, 40, (60), 80). Sub- 
section Uncinatae Kupff. comprises acaulescent, often stoloniferous violets 
with the style curved in a hook at the tip and the seeds not forcibly scat- 
tered from the capsule. Viola odorata, sweet or English violet, 27 = 20, 
has been introduced and has become locally established in various parts 
of the United States. The North American—Eurasian subsect. Rosulantes 
Borb. includes caulescent blue violets with tufted stems and rosulate basal 
leaves, rather slender styles beaked and bent at the apex, and seeds forcibly 
ejected from the capsules. The Eurasian species are diploid or tetraploid, 
but the North American, with the exception of the western Viola Howelli 
(2n = ca. 80), are diploid. Viola conspersa Reichenb., V. rostrata Pursh, 
and V. striata Ait., all 2n = 20 and linked by partially fertile hybrids, 
reach their southern limits in our area, while V. Walter1 House, 2n = 20, 
is primarily southeastern. Viola adunca Sm., of more northern distribu- 
tion, apparently also belongs to this group. 

Section MreLANIuM Ging. includes about 50 almost exclusively Eurasian 
and North African species exhibiting a variety of chromosome numbers 
in a modified six- or ten-series. Only subsect. Tricolores W. Becker sensu 
Clausen (1929) (Calcaratae, Tricolores W. Becker) including species with 
chromosome numbers based on x = 6 (2n = 14, 16, 24, 26, 34, 36, 48) 
is represented in North America. Viola Rafinesquii Greene (V. Kitaibeliana 
R. & S. var. Rafinesquii (Greene) Fern.), 27 = 34, a small annual (or 
biennial) with bluish-white, creamy, or rarely lavender flowers, occurs 
from Georgia to Texas and northward beyond our limits. Being distinct 
from the related European species morphologically and from V. Kitaibeli- 
ana, 2n = 14, 16, 24, 36, 48, especially in the chromosome number, it is 
also supposedly the only species of sect. MELANIUM which produces cleis- 
togamous flowers (Gershoy, 1934). The nativity of this species in North 
America has been neither proved nor disproved. Viola arvensis Murr., 
2n = 34, introduced from Europe, has been recorded as naturalized in 
North Carolina and northward to Newfoundland, Michigan, and Alberta. 
Viola tricolor L., 2n = 26, from Eurasia and North Africa, and especially 
its garden forms of hybrid origin (pansies, “violas,” etc.), are commonly 
cultivated. The Tricolores as a group are notable for the occurrence of 
polyploidy and polysomaty. 

The violets, in general, seem to show a preference for acid soil, the 
degree of acidity varying with each species, although growth of plants 
“is not correlated with the soil acidity alone, but is influenced by a 
combination of this factor with moisture, texture, and fertility” (Mc- 
Cullough, 1941). Vegetative reproduction by rooting stolons (e.g., in 
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Primulifoliae and Blandae) or by the detachment of rooting lateral, 
superficial branches of the rhizome (e.g., in Boreali-Americanae), more 
rarely by adventitious buds on roots (in Pedatae), permits the survival 
of sterile hybrids. Mycorrhiza have been found in Viola palustris L. and 
V. biflora L. 

Although apparently often self-fertile, the chasmogamous flowers are 
adapted to cross-fertilization, self-pollination being prevented by the 
position of the stigma in regard to the anthers, and/or by configuration 
of the stigma, or by proterandry (V. lanceolata, V. Macloskeyi). Thysa- 
noptera (especially Thripidae) and various Diptera, Hymenoptera, and 
Lepidoptera have been recorded as pollinators, the short-tongued species 
pollinating the short-spurred flowers, the long-tongued the long-spurred 
violets. These insects usually are in a reverse position (the head down) 
when sucking the nectar. Details of pollination differ somewhat in differ- 
ent sections. Viola arvensis is self-fertilized, and self-pollination occurs 
early, in the flower buds. 

In the great majority of the species of sects. CHAMAEMELANIUM, VIOLA, 
and PrLaciosticmMA, the chasmogamous flowers are followed by reduced, 
mostly apetalous, closed, highly fertile, cleistogamous flowers with 2-5, 
+ reduced, spurless stamens and flexuous and much curved styles, so that 
the stigma is brought into contact with the anthers. The pollen grains 
germinate within the anthers, and the pollen tubes penetrate the anther 
walls into the stigma. The presence of dimorphic pollen grains in both 
chasmogamous and cleistogamous flowers in V. odorata var. praecox Greg- 
ory is noteworthy; only one kind of these pollen grains is germinable in 
the chasmogamous, and only the other in the cleistogamous, flowers 
(Madge, 1929). Semicleistogamous flowers forming a transition between 
chasmo- and cleistogamous flowers are often observed. In many hybrids 
the sterility involves only the chasmogamous flowers, seeds being produced 
by the cleistogamous flowers. Apomixis, although presumed by some 
earlier taxonomists, has not been proved in Viola. Myrmecochory has 
been reported in several species. 

Many species are valued ornamentals. Roots of Viola tricolor and V. 
odorata contain a saponin and an alkaloid, violin, and are official (ex- 
pectorants) in some countries. A medicinal preparation, traviolin, is ob- 
tained from the leafy stems of V. tricolor in the U.S.S.R. Viola odorata 
is extensively cultivated in Europe for use in perfume manufacturing. 
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COMPARATIVE ANATOMY OF THE LEAF-BEARING 
CACTACEAE, III 


FORM AND DISTRIBUTION OF CRYSTALS IN 
PERESKIA, PERESKIOPSIS AND QUIABENTIA * 


I. W. BaILey 


SINCE THE PUBLICATION of Schleiden’s classical paper (1845) on the 
anatomy of Cactaceae, many references, frequently more or less casual 
or incidental, have been made to the occurrence of crystals in various 
representatives of the family. The most comprehensive of these papers is 
that of Lauterbach (1889) who utilized crystals of calcium oxalate in 
correlation with mucilaginous and other structures in an attempt to dif- 
ferentiate three categories of the Cactaceae. 

Inadequate attention in investigations of cacti has been given to ranges 
of variability of selected diagnostic characters, not only in different taxa, 
different collections of the same taxon, and different plants of the same 
clone, but also in different parts of the same plant during successive stages 
of its growth to maturity. It seems advisable, accordingly, to determine to 
what extent crystals provide reliable and significant taxonomic evidence 
in the case of the leaf-bearing genera of the Cactaceae. 


CRYSTALS OF LEAVES 


Druses of calcium oxalate occur in the leaves of all putative species of 
Pereskia, Pereskiopsis, and Quiabentia of which I have succeeded in ob- 
taining material (Fics. 1-12). This is true, regardless of whether the plants 
were grown in greenhouses, botanical gardens, or in their native habitats 
in the wild. The druses vary widely in size, form and number, as they 
likewise do in the size, form and number of their constituent crystals 
(Fics. 13, 15, 16). The conspicuous differences in size (Fic. 1 vs. 4), in 
number (Fic. 3 vs. 1 and 4), and in form (Fic. 15 vs. 16) suggest at 
first sight that crystals might be of considerable utility in the differentia- 
tion of taxa. Unfortunately, this proves to be uncertain and difficult 
when the ranges of variability in leaves are taken into consideration. Con- 
spicuous differences such as are illustrated in Fics. 1-12 may occur at 
times in different leaves of the same taxon, clone or individua! plant. For 
example, the conspicuous differences between Fic. 7 and Fic. 8 occur in 
two leaves from the same herbarium specimen. It is evident that differ- 
ences may occur in leaves during successive stages of their maturation, in 


* This investigation was supported by a grant from the National Science Founda- 
tion. I am indebted to the American Philosophical Society for the loan of a Wild 
microscope. 
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leaves of different sizes, in leaves of plants of different ages, and in those 
of plants grown under differing environmental conditions. Therefore, the 
task of securing strictly comparable material of different taxa becomes a 
difficult and extremely laborious one. 

Although a majority of the crystals of calcium oxalate in the leaves of 
these genera occur in the form of druses having radially oriented individual 
crystals of varying forms and sizes, aberrant types of crystallization are 
of not infrequent occurrence. 

Particularly where the crystals are very abundant (Fic. 3), some of the 
cells of the mesophyll may contain a single crystal, several independent 
crystals or aggregations of crystals that are not perfectly oriented radially. 


CRYSTALS OF CORTEX AND PITH 


Druses of conspicuously stellate (Fics. 13, 15) or more rotund (Fics. 
14, 16) form occur in the pith and cortex of all three genera of the leaf- 
bearing Cactaceae. The size, form, and number of the druses is highly 
variable, as in the case of the leaf. One or more independent crystals of 
varying size and form may occur at times in some of the cells of the pith 
and cortex. It is possibly significant taxonomically that there appears to 
be marked exaggeration of this tendency in the much expanded pith of 
large basal stems of Pereskia conzattii Britt. & Rose (Fic. 17) and in 
the cortex of large older stems of Pereskia colombiana Britt. & Rose and 
P. guamacho Web. 

The most constant and reliable difference, and one of considerable 
phylogenetic and taxonomic significance, is the concentration of rotund 
forms of druses in the outermost layer of the cortex of Pereskiopsis and 
Quiabentia. In the case of Pereskia sacharosa Griseb., P. grandifolia Haw., 
P. bleo DC., P. corrugata Cutak, P. tampicana Web., and allied taxa, 
young stems of varying diameter, before periderm formation, have a thick 
cuticle (Fic. 25). The cells of the cortex decrease in size toward the 
epidermis. Although their cell walls increase somewhat in thickness toward 
the exterior of the cortex, no clearly differentiated collenchymatous layers 
are formed subtending the epidermis. The druses are diffusely distributed 
in the cortex (Fic. 25). In comparable stems of Pereskiopsis and Quia- 
bentia conspicuous layers of subepidermal collenchyma are formed (Fic. 
27). The outermost layer of the collenchymatous zone is packed with 
druses of rotund, rather than conspicuously stellate, form (Fics. 19, 23, 
26). The larger druse-bearing cells tend to bulge the relatively tenuous 
cuticle and slender epidermal cells outward (Fic. 27). Apparently with 
increasing succulence in Pereskiopsis and Quiabentia the inner cells of 
the cortex tend to become thinner walled, whereas the outer ones become 
thicker walled and collenchymatous. The first cork cambium or phellogen 
usually arises by periclinal divisions of epidermal cells and the periderm 
intervenes between the remainder of the epidermis and the outermost 
layer of crystal-bearing collenchyma. Thus, the latter layer persists after 
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periderm formation has occurred and may be detected for some time in 
older stems. 

In the case of Pereskia aculeata Mill., P. colombiana, P. guamacho, 
P. cubensis Britt..& Rose, P. portulacifolia Haw., P. diaz-romeroana Card., 
P. weberiana K. Schum., P. conzattii, P. autumnalis. (Eichlam) Rose, and 
P. nicoyana Web., periderm formation commonly tends to be precocious 
and the epidermis and the outer layers of the cortex are rapidly modified. 
Although the stems of these pereskias do not form such clearly and strongly 
differentiated collenchymatous layers as occur characteristically in Peres- 
kiopsis and Quiabentia, they do exhibit at times a tendency for the outer 
cortical cells to have thicker walls. Particularly in P. diaz-romeroana and 
P. weberiana some druses of rotund form may occur in the outermost cells 
of the cortex. This suggests that in these species there may be a tendency 
toward structural changes such as become exaggerated and dominant in 
Quiabentia and Pereskiopsis. 

In view of the occurrence of so-called crystalliferous hypodermal layers 
in other cacti, the phenomenon merits detailed consideration in subse- 
quent discussion of salient trends of phylogenetic specialization in the 
Cactaceae as a whole. 


CRYSTALS OF THE SECONDARY PHLOEM AND XYLEM 


Druses of varying degrees of abundance occur in the secondary phloem 
of the three leaf-bearing genera. Although usually of spherical form, they 
may at times exhibit curious deviations in elongated parenchymatous ele- 
ments (Fic. 21). In such cells the druses may have a markedly elongated 
form and have conspicuously larger crystals at their upper and lower ex- 
tremities (Fic. 18). 

As in the case of the leaf, pith and cortex, cells having one or more 
independent crystals are of sporadic occurrence. However, it is again 
noteworthy in this connection that in large stems of P. colombiana and 
P. guamacho cells with single crystals may predominate in the older 
secondary phloem, druses being relatively infrequent in comparison. 

Pronounced differences in forms of crystallization of calcium oxalate 
occur in the rays of the secondary xylem. Where the rays are composed 
of cells having thick, strongly lignified walls, as in many pereskias, crys- 
tals either are absent or, when present, occur in a cell singly (Fic. 22) 
or as several independent crystals, druses being absent. On the contrary, 
where the rays or parts of them are composed of thin, unlignified cells, 
a varying number of the thin-walled cells form druses (Fic. 20). It is 
significant in this connection from a phylogenetic point of view that changes 
in the rays and forms of crystallization within them appear to be asso- 
ciated in some way with tendencies toward increasing succulence of stems 
and roots This is another phenomenon which deserves detailed considera- 
tion in subsequent discussion of salient trends of phylogenetic specializa- 
tion in the Cactaceae as a whole. 
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SPHEROCRYSTALS AND STRIATED ISOTROPIC BODIES 


Mobius (1885) early recorded the occurrence of spherocrystals of cal- 
cium oxalate in Cactaceae. His illustrations of the structural features of 
these crystalline bodies are reproduced by Kohl (1889), and two of them 
by Solereder (1899) and by Metcalfe and Chalk (1950). 

A few finely striated bodies that are birefringent in polarized light occur 
sporadically in some of my collections of leaf-bearing cacti that are pre- 
served in formalin-acetic-alcohol. Where they occur in small cells, and in 
one case in the lumen of vessels close to the cambium, they tend to be 
fan-shaped or hemispherical in surface view, rather than spherical as in 
large-celled tissue (Fic. 29). Where a cluster of cells contains them, the 
striations of each body are radially oriented toward the center of the 
aggregation of cells. In the case of the larger spherical forms, not only 
are they radially striated, but also at times they exhibit concentric struc- 
ture as well, thus resembling certain of the spherocrystals illustrated by 
Mobius. They also show at least superficial resemblances to the finely 
striated central parts of some of the more rotund forms of druses (Fic. 16). 

Furthermore, particularly in the case of the crystalliferous subepidermal 
layer of Pereskiopsis, the druses not only exhibit a radially striated cen- 
tral part (Fic. 23) but also not infrequently are concentrically layered 
internally (Fic. 28). Such rotund forms of druses differ from the sphero- 
crystals (Fic. 29) in being jacketed by a layer of large, more or less 
protuberant crystals. This raises a question in need of detailed investi- 
gation. Are there transitional forms of crystallization of calcium oxalate 
between typical stellate druses and structures commonly referred to as 
spherocrystals? Or are there fundamental differences in chemical com- 
position involved? 

In contrast to these relatively infrequently occurring anisotropic bodies 
are the dark brown, striated, isotropic ones commonly visible during early 
stages of the clearing of dried leaves in 3 per cent sodium hydroxide at 
56° C., i.e., prior to their bleaching and dissolution. Although these bodies 
vary greatly in size and form, they tend to be more or less conspicuously 
striated. Some of them exhibit concentricities as well as radial striations 
(Fic. 30), thus in surface view resembling spherocrystals (Fic. 29). 
Others are composed of small cells the brown contents of which have 
striations oriented radially toward the center of the composite mass 
(Fic. 32). Where the constituent cells of the mass are larger, the radial 
orientation of the striations is more clearly visible (Fic. 33). In surface 
view such a mass of isotropic composition bears at least a superficial 
resemblance to Mobius’ figures 10-13 of spherocrystals. Under more pro- 
longed treatment in sodium hydroxide brown structureless globules fre- 
quently tend to exude from the striated bodies (Fic. 31), or the whole 
body may lose its striated structure. Obviously, such bodies are not com- 
posed of crystalline calcium oxalate, although they occasionally may con- 
tain some in the form of “crystal sand.” It should be emphasized in these 
connections that the brown bodies in dried leaves differ from the sphero- 
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crystals dealt with by Mobius (1885), Kohl (1889), Lauterbach (1889), 
and Michaélis (1896) in being isotropic rather than birefringent in polar- 
ized light. 

It is important to determine not only the chemical and physical con- 
stitution of crystalline and isotropic bodies that occur in material of cacti, 
but also to obtain reliable evidence regarding the occurrence of such bodies 
in normal living tissue prior to desiccation, preservation in alcohol or 
formalin-acetic-alcohol and subsequent treatments with varying reagents. 
At present, there is adequate evidence regarding the common occurrence 
of druses of calcium oxalate in normal unmodified tissues of various Cac- 
taceae, as well as in the leaf-bearing ones. However, there is evidence 
which indicates that the druses are not composed solely of calcium oxalate, 
but contain organic substances as well, particularly in their central parts. 
For example, when druses are treated with haematoxylin prior to the use 
of reagents which dissolve constituents such as residues of nuclei, proto- 
plasts, etc., their centers stain very dark (Fics. 14, 19, 20, 23). Further- 
more, if the calcium oxalate is dissolved prior to such treatment, a deeply 
stained central part of the druse persists. (Compare Fics. 23 and 24.) 

The spherocrystals studied by Mobius are stated to occur, at least in 
certain cases in living tissue, whereas those observed by Lauterbach and 
Michaélis occurred in material preserved in alcohol The formation of 
dark brown isotropic bodies in the leaves of Pereskia, Pereskiopsis, and 
Quiabentia appear to be induced by desiccation or other modifying treat- 
ments. However, their formation in all three genera is indicative of the 
presence of similar organic substances and may ultimately prove to be of 
some taxonomic significance in comparisons between the leaves of Cac- 
taceae and those of other families of the dictotyledons, e.g., those included 
in the Centrospermae. Thus, their chemical composition and factors in- 
volved in their formation merit detailed investigation. 


CONCLUSIONS 


The ranges of variability in the size, form, and number of druses in 
the leaves of Pereskia, Pereskiopsis, and Quiabentia are so extensive as 
to render their use difficult and excessively laborious in differentiating 
the three genera and the species which occur within them. 

The most constant and reliable differences from phylogenetic and taxo- 
nomic points of view are those that occur in the outer cortex of young 
stems prior to periderm formation. Pereskiopsis and Quiabentia, in con- 
trast to Pereskia, have conspicuous collenchymatous layers, the outermost 
of which is packed with druses of rotund form subtending the epidermis. 

Another difference of considerable phylogenetic and physiological in- 
terest occurs in the rays of the secondary xylem of both stems and roots. 
Where the rays are composed throughout of cells with thick, heavily 
lignified walls, as in less modified forms of woody dicotyledons, deposi- 
tion of calcium oxalate occurs in the form of single crystals or several 
independent ones, aggregation into druses being absent or of rare occur- 
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rence. On the contrary, where the rays or parts of them are composed 
of cells with thin unlignified walls, such rays or parts contain more or 
less numerous druses. The changes in wall thickness, lignification and 
form of crystallization appear to be correlated in some manner with 
tendencies toward increasing succulence, as in Pereskiopsis and Quia- 
bentia. 

The changes in the outer cortex of Pereskiopsis and Quiabentia and in 
the rays of the leaf-bearing cacti appear to be significant in any subse- 
quent discussion of salient trends of phylogenetic specialization in the 
Cactaceae as a whole. 
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EXPLANATION OF PLATES 


PLATE I 


Fics. 1-6. Parts of leaves cleared in 3 per cent sodium hydroxide at 56°C., 
dehydrated, and mounted in diaphane. Druses photographed in polarized light 
between crossed nicols at a magnification of 150. 1, Quiabentia zehntneri (Britt. 
& Rose) Britt. & Rose [Rose, N.Y. Bot. Gard. 42830]; 2, Pereskiopsis gatesiu 
Baxter [Gates Cactus Inc.]; 3, Pereskiopsis diguetii Britt. & Rose [Saford, 
U.S. Nat. Herb. 2263439]; 4, Pereskia bleo DC. [Pennell 4759 (cu)]; 5, 
Pereskia portulacifolia [Jiménez 2578 (us)]; 6, Pereskia aculeata [Duss 3073 


(cH) J. 


PLATE II 


Fics. 7-12. Parts of leaves cleared in 3 per cent sodium hydroxide at 56°C., 
dehydrated, and mounted in diaphane. Druses photographed in polarized light 
between crossed nicols at a magnification of 150. 7, Pereskia aff. guamacho 
[H. H. Smith 1886 (cH) ]; 8, Another leaf from Smith 1886; 9, Pereskia grandi- 
folia [Mexia 4129 (GH) ]; 10, Pereskia grandifolia [Moran 7270]; 11, Pereskia 
conzattii [Boke]; 12, Pereskia nicoyana [Mo. Bot. Gard.]. 
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PLATE: UT 


Fics. 13-18. Druses photographed in green light at a magnification of 425. 
13, Pereskia diaz-romeroana [Cdrdenas], stellate druse from leaf; 14, Pereskia 
tampicana | Boke Bart druse from cortex of stem; 15, Pereskia aff. guamacho 
[Smith 1886 (cu) ], stellate druse from leaf; 16, Pereskia grandifolia [Mexia 
4129 (cH) ], druse from leaf; 17, Pereskia conzatti [Dressler], crystals from 
pith of large basal stem; 18, Pereskiopsis chapistle Britt. & Rose [Boke B-3], 
druse from phloem parenchyma. 


PLATE IV 


Fics. 19-24. Varied forms of crystals in stems. 19, Pereskiopsis chapistle 
[Mo. Bot. Gard.], tangential longitudinal section stained in haematoxylin and 
Sudan III and mounted in glycerin, showing druses in outer layer of collenchyma 
subtending the epidermis, as seen in polarized light, x 150; 20, Pereskiopsis 
chapistle [Boke B-3], tangential longitudinal section of xylem stained in haema- 
toxylin and safranin and mounted in diaphane, showing stellate druses in thin- 
walled, unlignified ray parenchyma as seen in polarized light, & 150; 21, Pereski- 
opsis chapistle [Boke B-3], tangential longtitudinal section of phloem, showing 
druses in elongated parenchymatous elements, as seen in polarized light, X 
150; 22, Pereskia colombiana Britt. & Rose [Romero], tangential longitudinal 
section of xylem showing single crystals in thick-walled lignified ray cells, in 
polarized light, x 150; 23, Pereskiopsis chapistle [Mo. Bot. Gard.], single druse 
from Fig. 19 photographed in green light, & 425; 24, Pereskiopsis scandens 
Britt. & Rose [N.Y. Bot. Gard, 50085], organic residues of such a druse as illus- 
trated in Fig. 23 after removing the crystals of calcium oxalate in a mixture of 
equal parts of 10 per cent nitric and 10 per cent chromic acids, staining in 
haematoxylin and safranin and mounting in glycerin, photographed in green 
light, X 425. 


PLATE V 


Fics. 25-27. Transverse sections of stems. 25, Pereskia sacharosa [Mo. Bot. 
Gard.], stained with haematoxylin and safranin, mounted in diaphane, showing 
thick cuticle, conspicuous epidermis and diffuse distribution of druses in cortex, 
photographed in green light, X 150; 26, Pereskiopsis scandens Britt. & Rose 
[N.Y. Bot. Gard. 50085], unstained section mounted in diaphane and photo- 
graphed in polarized light, showing concentration of druses in subepidermal 
layer of outer collenchyma, X 150; 27, The same, section stained in haematoxylin 
and safranin, mounted in diaphane and photographed in green light, showing 
collenchymatous layers in contrast to Fig. 25, and tenuous epidermis bulging 
outward owing to the development of druses shown in Fig. 26, & 150. 


PLATE VI 


Fics. 28-33. Crystalline and isotropic bodies in green light; Fig. 28, < 1000; 
Fig. 29, X 500; Figs. 30-33, X 260. 28, Pereskiopsis aquosa (Web.) Britt. & 
Rose [N.Y. Bot. Gard.], concentrically layered druse; 29, Pereskia guamacho 
[Atkins Gard.], anisotropic “‘sphaerocrystal” from pith; 30, Pereskia aff. gua- 
macho [Smith 1886 (cH)], brown, radially striated, concentrically layered, 
isotropic mass, foliar; 31, Pereskia aculeata [Ferreira 2316 (cH) ], exudation of 
structureless brown droplets from radially striated, isotropic mass, foliar; 
32, Pereskia grandifolia [Moran 7270], mass of small cells with striated, brown, 
isotropic contents, foliar; 33, Pereskia colombiana [Record 16495 (cH) ], mass 
of large cells with striated, brown, isotropic contents, foliar. 
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MIOCENE FOSSIL WOODS FROM THE 
COLUMBIA BASALTS OF CENTRAL WASHINGTON, II 


U. PRAKASH AND Etso S. BarGHooRN 


IN A PREVIOUS PAPER (1961) the authors described in detail twelve 
species of woods, representing nine genera (Acer, Diospyros, Quercus, 
Liquidambar, Carya, Albizzia, Gleditsia, Platanus, and Ulmus) from the 
Columbia Basalts of the area of Vantage, Washington. The silicified 
woods described represent a small fraction of an extensive collection made 
in 1954 by Mr. Jay O’Leary, while he was a student in Harvard College. 
The present investigation is a continuation of the systematic study of 
this collection. In this paper we are concerned with the identification and 
description of six additional species representing four genera not recorded 
in the first paper. It is probable that the total number of genera preserved 
in the basalts of the Vantage area may be in excess of 30 of which more 
than two-thirds are genera of dicotyledonous trees. In a previous com- 
munication, Beck (1945) listed 27 genera determinable in the Vantage 
and nearby stratigraphically equivalent areas. It is of interest to note 
that only slightly more than one-third of these genera currently exist in 
the flora of the general region today (Wolfe and Barghoorn, 1960). 

Although the age of the flora with which our study is concerned is 
generally regarded to be Upper Miocene, the high percentage of genera 
represented in this fossil flora but now exotic to the region would tend 
to indicate a lower stratigraphic position in the Miocene sequence (Barg- 
hoorn, 1951; Wolfe and Barghoorn, 1960). This reconsideration of the 
age of the Vantage (Russell Forests) flora is also supported by compari- 
son of generic composition with that of the Latah flora, a large flora the 
composition of which is known from leaf impressions rather than silicified 
woods. The Latah flora is comprised of genera of which only slightly 
more than one-third are extant in the geographic region today. Statistical 
examination of thirteen floras of the western United States generally re- 
garded as Upper or Late Miocene, on the other hand, indicates that be- 
tween 50 to 67 per cent of their genera are yet in the geographic region 


of the fossil floras. 


FAGACEAE 


1. Quercus sahnii Prakash & Barghoorn, sp. nov. (Fics. 16-19) 
Growth rings: Distinct; wood ring-porous. Transition between early 
and late wood abrupt. (Fic. 19). 
Vessels: Large vessels in the early wood (Fic. 19), 192-416 » in tan- 
gential diameter (mean diameter 269 »), solitary, forming a conspicuous 
band 1 or 2 pores in width, thin walled, vessels round to oval, occasionally 
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elliptical in cross-section. Vessel elements 240-540 » long. Perforation 
plates exclusively simple, usually horizontal. Intervascular pit-pairs alter- 
nate, bordered and round to oval in shape. Tyloses absent. Late-wood 
vessels small (Fic. 19), 30-111 » in tangential diameter (mean diameter 
70 »), usually scattered in radially aligned, flame-shaped tracts of light- 
colored tissue, chiefly solitary, open, thick walled (Fic. 17), rounded in 
cross section. Perforation plates and intervascular pit-pairs similar to 
early wood vessels. 

Parenchyma: Abundant, paratracheal, metatracheal-diffuse, and meta- 
tracheal. Paratracheal parenchyma intermingled with the tracheids, (1) 
forming part of the conjunctive tissue between the early wood vessels and 
the rays, (2) composing most of the tissue in the flame-shaped tracts in 
which late wood vessels are embedded. Metatracheal-diffuse parenchyma 
(Fics. 17, 19) restricted to fibrous tracts and exhibiting a tendency towards 
aggregation into short, irregular lines of metatracheal parenchyma towards 
the outer part of the ring. Crystalliferous parenchyma frequent, com- 
posed of somewhat enlarged cells containing single crystals (Fic. 18). 

Xylem rays: Homogeneous (Kribs Homogeneous Type 1), composed 
of procumbent cells; both narrow and broad (Fic. 16); narrow rays very 
numerous, uniseriate, 2-27 cells high; broad rays 15-28 cells wide and 
very high, separated by numerous narrow rays (Fic. 16) often dissected 
into smaller units. Ray cells oval to polygonal in tangential section and 
10-30 » in diameter, sometimes with crystals. 

Imperforate tracheary elements: Libriform fibers and vasicentric tra- 
cheids. Thick-walled fibers (Fics. 17, 19) well developed through the 
spaces among the flame-shaped tracts of late wood vessels, polygonal 
in cross section, 12—21 » in diameter, nonseptate; pits simple. Vasicentric 
tracheids intermingled with parenchyma, (1) composing most of the con- 
junctive tissue between the early-wood vessels and the rays and (2) 
forming part of the flame-shaped tracts in which late-wood vessels are 
embedded; pits bordered. 


MatTerIAL. A single specimen of silicified, mature, secondary xylem 
measuring 6.5 <°2.5.<7-cm: 


Hototype. Palaeobotanical Collections, Harvard University, No. 54968. 
This species is named in commemoration of the late Professor Birbal 
Sahni, founder-director of the Institute of Palaeobotany, Lucknow, India. 


There is close agreement in all details of structure of this wood with 
that of Quercus. Among the different types of oaks, the fossil wood be- 
longs to the red-oak group as indicated by the presence of thick-walled, 
rounded vessels in the late wood. A survey of the available woods of 
Quercus indicates that the fossil does not show close resemblance to any 
of the species represented in the wood collections of the Arnold Arboretum 
(86 species) nor to published descriptions of 15 other species (Sudworth 
& Mell, 1911, pp. 22-56, figs. 11-48; Kanehira, 1921a, pp. 67-71, Pl. 8, 
figs. 44, 43; Kanehira, 1924, p. 52; Kanehira, 1940; Pearson & Brown, 
1932, pp. 981-996, figs. 299-304; Reyes, 1938, pp. 60-62, Pl. 4, figs. 1, Ze 


1961] FRAKASH & BARGHOORN, MIOCENE WOODS, II 349 


Metcalfe & Chalk, 1950, pp. 1311-1314, figs. 313G, L: Greguss, 1947, pp. 
41-46, figs. 18-27). 

Fossil woods assigned to Quercus have been listed by Edwards (1931) 
and Boeshore and Jump (1938) and were also referred to in our previous 
paper (Prakash & Barghoorn, 1961). More than 500 species and varieties 
of Quercus, ranging from low shrubs to stately forest trees, are known. 
There are about 50 species of Quercus native to the United States. The 
species belonging to the red-black oak group are widely distributed almost 
throughout this country. Those growing in the western United States are 
Q. Kelloggii Newb., of the mountain ranges of California and western 
Oregon, Q. tomentella Engelm., on the islands along the coast of southern 
California and Guadeloupe Island and extending farther south in Mexico, 
Q. douglasti Hook. and Arn., a tree of wide range in California, and vari- 
eties of Q. dumosa Nutt., on the coastal islands of southern California 
and Mexico (Little, 1953). Species of the red-black group of the genus 
are not known from the state of Washington. 


HIPPOCASTANACEAE 


2. Aesculus hankinsii Prakash & Barghoorn, sp. nov. (Fics. 20-23) 


Growth rings: Barely distinct; wood diffuse-porous (Fic. 22). 

Vessels: Small, 35-80 p» in tangential diameter (mean diameter 54 ,), 
more crowded in the early spring-wood, decreasing slightly in size through 
the late wood, where they are fewer and quite apart (Fic. 22). Vessels 
solitary and in radial multiples of 2-5 (mostly 2 or 3) cells, thin walled, 
the solitary vessels oval-angular to elliptical-angular in cross section. Ves- 
sel elements up to 500 p» long with oblique, often tailed ends; spiral thick- 
enings occasionally present. Perforation plates exclusively simple. Inter- 
vascular pit-pairs (Fic. 21) bordered, alternate, orbicular to oval or angular 
where crowded, 5—7 p» in diameter, apertures oval to slitlike, sometimes 
oblique. Vessels open. 

Parenchyma: Appearing to be terminal and paratracheal. Terminal 
parenchyma forming a continuous or interrupted line. Paratracheal paren- 
chyma quite scanty. 

Xylem rays: Homogeneous, composed of procumbent cells (Fic. 23), 
uniseriate, 2-32 (mostly 8-15) cells high, showing a tendency for storied 
arrangement; up to 16-20 rays per mm. Ray cells thin-walled, oval to 
vertically elongated in tangential section. 

Imperforate tracheary elements: Fiber tracheids rectangular to poly- 
gonal in cross section (Fic. 20), 12-23 » in diameter, walls thin to slightly 
thick; nonseptate; pits bordered. 

MatertaL. A single specimen of silicified, mature, secondary xylem 
measuring 8 X 2 X 6 cm. Preservation poor. 

Hototyee. Palaeobotanical Collections, Harvard University, No. 56240. 
The species is named after Mr. Frank W. Hankins, of Collegeville, Penn- 
sylvania, who kindly gave us the fossil wood for study. 
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The combination of structural features exhibited by this wood indicates 
its affinity with the genus Aesculus and its nearest affinity with the extant 
species Aesculus pavia L. Thin sections of the woods of eighteen species 
of the genus Aesculus were examined in the course of identification, in- 
cluding Asiatic and European, as well as North American, representatives 
of the genus. The fossil under consideration differs from A. pavia in only 
minor details, the most conspicuous of which are the less frequent occur- 
rence of vessel multiples throughout the growth ring and greater crowding 
or compaction of vessels in the early wood. 

Aesculus hankinsii, as far as the authors are aware, represents the first 
record of this genus occurring in the form of fossil wood. Its identification 
supports the conclusions of Beck (1945) on the presence of Aesculus in 
the Vantage and adjacent areas. The genus, as presently constituted, in- 
cludes thirteen species of trees and shrubs of temperate regions, occur- 
ring in southeastern Europe, India to Japan, and North America (Hardin, 
1957). Aesculus pavia is a shrub, sometimes attaining the dimensions of 
a small tree, occurring in woods and along streams from eastern North 
Carolina to Florida, westward to the Edwards Plateau of Texas, and 
north in the Mississippi Valley to southern Illinois. In present geographic 
distribution the nearest species is A. californica (Spach) Nutt., a small 
tree of the California Coast Ranges and Sierra Nevada foothills (Hardin, 
1957). 


JUGLANDACEAE 
3. Juglans fryxellii Prakash & Barghoorn, sp. nov. (Fics. 12-15) 


Growth rings: Distinct, delineated by narrow band of thick-walled, 
flattened fibers; wood diffuse-porous to semi-ring-porous (Fics. 13, 14). 

Vessels: Large in early wood, gradually decreasing in size through the 
late wood with a marked tendency toward diagonal arrangement (Fics. 13, 
14), 51-208 » in tangential diameter (mean diameter 142 ,), chiefly soli- 
tary, sometimes in radial groups of 2 or 3 cells, evenly distributed and 
closely placed, thin walled, the solitary vessels oval, elliptical, or some- 
times slightly irregular in cross section (probably due to pressure during 
mineralization). Vessel elements of varying lengths, with oblique end 
walls. Perforation plates not ascertainable, the vessels mostly being 
plugged with gummy or resinous deposits (Fic. 13). Intervascular pit- 
pairs (Fic. 12) bordered, alternate, or slightly irregular, 10-14 p» in diam- 
eter, usually angular where crowded, pit apertures oval to linear. 

Parenchyma: Metatracheal and terminal. Metatracheal parenchyma 
(Fics. 13, 14) in uniseriate (rarely locally biseriate), somewhat wavering 
and more or less parallel tangential lines which are almost always continu- 
ous, sometimes small and broken. Terminal parenchyma uniseriate and 
continuous. Parenchyma cells sometimes enlarged and crystalliferous, 
usually with black, resiniferous substance. 

Xylem rays: Homogeneous to decidedly heterogeneous, 1-3 cells wide 
(Fic. 15); uniseriate rays few, 2-11 cells high; multiseriate rays mostly 
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2 or 3 cells broad and 0.56 mm. high; multiseriate rays mostly hetero- 
geneous, sometimes homogeneous and composed of procumbent cells; 
multiseriate heterogenous rays with procumbent cells in the broad cen- 
tral part and one to several rows of upright cells at the uniseriate ends; 
end-to-end ray fusion sometimes present; up to 7-12 rays per mm. Ray 
cells thin walled, oval to vertically elongate in tangential section, 10-15 p 
in diameter. 

Imperforate tracheary elements: Fiber tracheids, polygonal to slightly 
irregular in cross section (Fic. 13), 12-22 » in diameter, the walls slightly 
thickened; nonseptate; pits bordered. 


MATERIAL. Few, small specimens of silicified, mature, secondary xylem. 


HototypPe. Palaeobotanical Collections, Harvard University, No. 55045. 
This species is named after Mr. Roald Fryxell, Curator, Ginkgo Petrified 
Forest Museum, Vantage, Washington. 


The combination of structural features of the fossil, after extensive 
comparison with modern woods, indicates its affinity with the genus 
Juglans. Among the 15 species of this genus available for direct comparison, 
the closest approximation in structure is to be found in Juglans nigra L. 
and J. x notha Rehder, to both of which the fossil wood shows a close 
resemblance, with only some differences in details of ray structure and 
parenchyma distribution. One other conspicuous feature of the fossil is 
the presence in the vessels of a brownish-black substance plugging the 
vessel lumina. 

Fossil woods assigned to the family Juglandaceae are known from a wide 
range of localities in the Northern Hemisphere, in both Old and New 
Worlds. The genera have been designated as Juglandinium Unger (1845), 
Juglandoxylon Kraus (1882), Jugloxylon Stopes & Fujii (1910), Juglans, 
Pterocarya, and Carya. Species described are Juglandinium longiradiatum 
Vater (Kaiser, 1890), from the Lower Senonian of Germany; J. mediter- 
raneum Unger (Kaiser, 1890), and J. schenkii Felix (Kaiser, 1890), both 
from the Tertiary of Hungary; J. triebelii (Caspary) Nagel (1915), from 
the (?) Tertiary of Prussia; J. wichmannii (Hofmann) Kaiser (1890), 
and J. zuriense (Falqui) Edwards (1931), from the Miocene of Sardinia; 
Juglandinium spp. (Kaiser, 1890; Schonfeld, 1930; Edwards, 1931), from 
the Lower Senonian of Brunswick, Upper Cretaceous of western Canada, 
and the Oligocene of Saxony; Jugloxylon homanum Stopes & Fujii 
(1910), from the Upper Cretaceous of Japan; Juglandoxylon princeps 
(Ludw.) Miiller-Stoll (1938) and J. schadleri Hofmann (1952), from 
the Upper Oligocene of Prambachkirchen, Austria; Juglans sp. (Beck, 
1942a) from the Oligo-Miocene of Oregon; Carya sp. (Beck, 1942b) and 
C. tertiara (Prakash & Barghoorn, 1961), from Vantage, Washington, 
Carya protojaponica Watari (1952) and Pterocarya rhoifolia Sieb. & Zucc. 
(Watari, 1952), both from the Miocene of Japan; and Pterocarya sp. 
(Beck, 1942c) from the Miocene of Washington. 

Juglans, with about 15 generally recognized species, is indigenous to 
China, Japan, India, Persia, the United States, Mexico, Central America, 
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the West Indies, and the Andean region of South America from Venezuela 
and Colombia to Argentina (Stark, 1953). Of the six species native to 
the United States, Juglans cinerea L. is widely distributed throughout 
most of the eastern half of the United States. J. nigra has much the 
same range as J. cinerea (Munns, 1938, maps 61, 42; Little, 1953). 

The four western species are Juglans microcarpa Berlandier, J. californica 
S. Wats., J. major (Torr.) Heller and J. hindsii Jeps. None is native to 
the state of Washington (Little, 1953). 


LEGUMINOSAE 


4. Leguminoxylon occidentale Prakash & Barghoorn, sp. nov. 
(Fics. 24-27) 


Growth rings: Distinct due to presence of terminal parenchyma; wood 
diffuse-porous (Fic. 27). 

Vessels: Large to medium sized, 70-225 p» in tangential diameter, chiefly 
solitary (Fic. 27), often paired and rarely in radial or tangential rows of 
3 cells, almost always encircled by sheaths of parenchyma cells, thick 
walled, the solitary vessels mostly elliptical, sometimes circular in cross 
section. Vessel elements about 200-450 » long with usually truncate, some- 
times tailed ends. Perforation plates exclusively simple. Intervascular 
pit-pairs (Fic. 25) bordered, alternate, oval to orbicular or angular where 
crowded, about 8-10 » in diameter with lenticular apertures, often coales- 
cent. Vessels almost always plugged with dark brown gummy substance. 

Parenchyma: Paratracheal and terminal. Paratracheal parenchyma 
forming vasicentric sheaths 2 or 3 (4 or 5) cells thick round the vessels 
(Fics. 24, 27), mostly becoming aliform with short wings, often con- 
fluent and connecting 2 or 3 pores tangentially or rarely forming radial 
extensions uniting vessels between the same pair of rays. Terminal paren- 
chyma 1-3 (sometimes more) cells thick, forming a sharply defined line 
(Fic. 24) at the growth ring. Crystalliferous parenchyma rarely present. 

Xylem rays: Homogeneous (Kribs Homogeneous Type 2), composed of 
procumbent cells, 1-5 cells wide (Fic. 26), unstoried; uniseriate and 
biseriate rays very rare, the uniseriate rays only few cells high; multi- 
seriate rays mostly 3—5 cells broad and 0.75 mm. high; up to 6-10 rays 
per mm. Ray cells circular to oval in tangential section and 10-15 yp in 
diameter. 

Imperforate tracheary elements: Libriform fibers polygonal in cross 
section, 8-15 mw in diameter, walls thick (Fic. 24) with a small lumen; 
nonseptate; pits apparently simple. 


MatTerRIAL. A single small specimen of silicified, mature, secondary 
xylem. 


Ho.otyPe. Palaeobotanical Collections, Harvard University, No. 55076. 


The structural features of this fossil clearly indicate its affinity with 
the woods of Leguminosae and most closely with Acacia, Cassia, and other 
genera of similar wood structure. However, owing to the diversity, great 
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number of species, and range of structural variability within these genera, 
it does not seem possible to establish with any assurance its precise generic 
position. The nearest approach to the structure of the fossil which we 
have been able to establish is the genus Acacia and, within this genus, 
the species A. ferruginea DC. Our survey included the study of thin 
sections of the wood of nineteen species of Acacia and published descrip- 
tions of nine additional species (Kanehira, 1921b, pp. 89-90, Pl. 18, fig. 
106; Pearson and Brown, 1932, pp. 439-445, 450-452, figs. 150, 151, 154, 
Kribs, 1959, pp. 60-62, figs. 156, 158, 161, 394). One aspect of the fossil 
which renders its identification more difficult is the tangential compression 
failure which preceded mineralization, thus exaggerating the ellipticity of 
the vessels as seen in transverse section. In view of these facts, it seems 
more desirable to designate the fossil to family, rather than to genus. Its 
affinity with the Leguminosae seems unquestionable. If the wood actually 
belongs to the genus Acacia, it is of some interest to note the present 
geographic distribution of the genus in relation to the fossil occurrence. The 
genus comprises some 450 species of trees and shrubs, of which 300 species 
are found in Australia alone, while the remaining species are widely 
dispersed through southeastern Asia, tropical and southern Africa, and 
tropical America, with extensions into temperate South America and the 
southern United States. Its nearest occurrence to the Vantage area is in 
southern California. 


NYSSACEAE 
5. Nyssa eydei Prakash & Barghoorn, sp. nov. (Fics. 1-5) 


Growth rings: Fairly distinct, delineated by a narrow band of flattened, 
thick-walled fibers; wood diffuse-porous (Fic. 1). 

Vessels: Small, 45-90 p» in tangential diameter (mean diameter 62 ,), 
solitary (Fic. 1) and in small radial multiples and groups, thin-walled, 
polygonal to oval (Fics. 1, 2) in cross section, quite uniform in size, 
numerous and fairly evenly distributed. Vessel elements up to 1700 p 
long with tapering ends. Perforation plates exclusively scalariform with 
numerous thin bars (Fic. 5). Intervascular pit-pairs bordered, opposite, 
oval-rectangular, usually 5-10 » in diameter with short linear apertures 
(Fic. 4). Vessels open. 

Parenchyma: Not abundant, mostly diffuse, sometimes in short meta- 
tracheal rows (Fic. 2), occasionally paratracheal. Parenchyma cells mostly 
rectangular, sometimes crystalliferous. 

Xylem rays: Heterogeneous, 1-3, rarely 4 cells wide (Fic. 3); uni- 
seriate rays quite common, 2-29 (often 4-12) cells high; multiseriate 
rays mostly 3 cells broad and 1.75 mm. high; uniseriate rays and margins 
of multiseriate rays composed of few to many rows of mostly upright and 
square cells; vertical ray fusions common; up to 12-15 rays per mm. 
Ray cells thin-walled, round to vertically elongated in tangential section, 
10-20 p» in diameter. 

Imperforate tracheary elements: Fiber tracheids mostly rectangular to 
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polygonal in cross section (Fic. 2), large, 20-45 » in diameter, walls thin 
with a fairly large lumen; nonseptate; pits bordered with slitlike apertures. 


MateriaL. A single specimen of silicified, mature, secondary xylem 
measuring 8 & 7 X 1.5 cm. 


Hototypr. Palaeobotanical Collections, Harvard University, No. 54972. 
The species is named for Mr. Richard H. Eyde, who is currently working 
on the fossil endocarps of Vyssa. 


A survey of the structural features of the woods of Nyssa indicates 
that the nearest affinity of the fossil is with Nyssa ogeche Bartr. The 
structure of Nyssa eydei and that of NV. ogeche are virtually identical in 
all major features. A few minor differences exist, however. The inter- 
vascular pit-apertures often tend to fuse in Nyssa ogeche, a feature not 
found in N. eydei; the metatracheal parenchyma is more frequent in 
Nyssa eydei than in N. ogeche, and the rays tend to have longer uni- 
seriate wings which frequently fuse. 

Despite the widespread occurrence of Nyssa and related genera repre- 
sented as pollen and endocarp remains, the wood of Nyssa is very poorly 
represented in the fossil record. Its existence in the Russell Forests flora 
was noted by Beck (1945). The form genus Nyssoxylon Madel includes 
the genera Nyssa and Davidia. Nyssoxylon japonicum Madel (1959), 
from Japan, although somewhat resembling Nyssa eydei, differs in pos- 
sessing tyloses in the vessels and in the narrower 1- or 2-seriate rays in 
contrast to rays 1-3 (rarely 4) seriate in Nyssa eydei. 

In view of the rather limited distribution of Nyssa in both North 
America and Asia and since Nyssa ogeche is readily separable on the 
basis of wood structure from other species of the genus, the occurrence 
of a species closely resembling N. ogeche in the Tertiary of the north- 
western United States is quite unexpected. Nyssa ogeche is a large swamp 
tree of currently limited distribution in swamps of the Coastal Plain of 
the southeastern United States, extending from South Carolina to north- 
western Florida. 


ULMACEAE 
6. Ulmus baileyana Prakash & Barghoorn, sp. nov. (Fics. 6-11) 


Growth rings: Distinct; wood ring-porous. Transition between early 
and late wood abrupt (Fics. 7, 8). 

Vessels: Large vessels in the early wood, 160-256 » in tangential diam- 
eter (mean 190 »), solitary, arranged in three to four rows, rarely asso- 
ciated with small vessels (Fic. 7, 8), thin walled, the solitary vessels oval 
to elliptic in cross section. Vessel elements 130-460 p» long. Perforation 
plates exclusively simple, horizontal to sometimes slightly oblique. In- 
tervascular pit-pairs (Fic. 6) bordered, alternate, orbicular or angular 
where crowded, 9-11 » in diameter, with circular apertures; vessel-paren- 
chyma pits numerous, more or less arranged in vertical rows, with fairly 
large oval apertures. Late-wood vessels small (Fic. 7), 50-160 p in 
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tangential diameter (mean 81 ,), arranged in more or less continuous, 
wavy, tangential or oblique bands, usually polygonal due to clustering, 
occasionally round to oval in shape. Vessel elements with spiral thicken- 
ings. Perforation plates and intervascular pit-pairs similar to early-wood 
vessels, except smaller. Thin-walled tyloses common. 

Parenchyma: Paratracheal and metatracheal-diffuse (Fics. 8, 9). Para- 
tracheal parenchyma occurring as few cells contiguous to the large vessels 
of early wood (but never forming a continuous sheath) and marginal to 
and occasionally included in the clusters of wavy bands of late-wood 
vessels and vascular tracheids. Diffuse parenchyma sparse, scattered among 
the fibers and occasionally in contact with the xylem rays. Parenchyma 
cells sometimes crystalliferous. 

Xylem rays: Homogeneous (Kribs Homogeneous Type 2), composed of 
procumbent cells (Fics. 10, 11), 1-6 cells wide; uniseriate rays rare, 
2-10 cells high; multiseriate rays often fusiform, mostly 4 or 5 cells broad 
and 1.13 mm. high; up to 5—7 rays per mm. Ray cells slightly thick 
walled, circular to oval or vertically elongated in tangential section and 
10-17 p» in diameter. 

Imperforate tracheary elements: Libriform fibers and vascular tracheids. 
Libriform fibers polygonal in cross section, 10-22 » in diameter, wall mod- 
erately to very thick (Fic. 9), with a small to fairly large lumen, non- 
septate; interfiber pits simple. Vascular tracheids occasionally present 
both in the early-wood porous zone and in the clusters of late-wood ves- 
sels. 


MATERIAL: A single specimen of silicified, mature, secondary xylem 
measuring approximately 12 & 6 & 6 cm. 


Hototype. Palaeobotanical Collections, Harvard University, No. 54918. 
This species is named in honor of Irving W. Bailey, Professor of Plant 
Anatomy, Emeritus, Arnold Arboretum, Harvard University. 


Structural features of this wood indicate its affinity with the genus 
Ulmus, two species of which have been described in our previous paper. 
Sufficient differences in structure exist, however, to justify its separation 
as a distinct species. The fossil wood closely resembles the wood of the 
modern species U. rubra Mihl. (U. fuivu Michx.). It differs, however, 
from U. rubra in the presence of tyloses in the vessels, the larger late- 
wood vessels, the smaller amount of paratracheal parenchyma associated 
with the vessel clusters in the late wood, and the more crystalliferous wood 
parenchyma. In addition, the multiseriate rays are slightly broader and 
higher in U. baileyana than in U. rubra, and uniseriate rays are rare. 


DISCUSSION 


In our first paper (Prakash & Barghoorn, 1961) on the Vantage fossil 
woods, we indicated that the plants determined generically comprise an 
eastern American, a western American, and an Asiatic element. The 
present observations tend to confirm this geographic pattern. Of the genera 


356 JOURNAL OF THE ARNOLD ARBORETUM [| VOL. XLII 


described, Ulmus and Nyssa occur in the eastern United States, whereas 
Aesculus, Juglans, and Quercus are found in both the eastern and western 
parts of the United States. The leguminous wood which is quite com- 
parable to the genus Acacia indicates a more southern or Asiatic affinity. 

Of the twelve woods of Vantage flora determined: to genus, only two, 
viz., Quercus and Acer, have survived in the existing flora. The ecologi- 
cal conditions which may be inferred from the present distribution of 
many of the genera would indicate that the flora preserved in the Russell 
Forests existed under warm-temperate mesophytic conditions. This in- 
ference is further strengthened by closer comparison of the fossils with 
their living counterparts in terms of species, such as the close resemblance 
between Nyssa eydei and N. ogeche. The latter species is sharply de- 
limited today by both temperature and edaphic conditions such as obtain 
in the humid swamp-forests of the southeastern United States. It is quite 
probable, in view of the ecological association of the Vantage genera, that 
the climate was featured by both higher annual average temperatures and 
by fairly high summer rainfall. The decimation of the mesophytic forests 
of the Miocene of central Washington was brought about by a combination 
of factors of which gradual refrigeration, culminating in Pleistocene glacia- 
tion was a major factor. In addition, re-entrance into this region in post- 
glacial times of certain of these genera which possess cold tolerance has 
been prevented by the barrier of aridity induced by the Cascade uplift. 


In addition to the kind help of those acknowledged in the preceding 
paper, the authors are also much indebted for that of Mr. Clarence Scam- 
mon, who aided the first author greatly in his field excursions in the Van- 
tage area. The first author also wishes to acknowledge his sincere appre- 
ciation to the National Academy of Sciences, Washington, D. C., for the 
financial assistance given during this investigation. 
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EXPLANATION OF PLATES 


PLATE I 


Fics. 1-5. Wood of Nyssa eydei: 1, transverse section, X 37 —note vessel 
and parenchyma distribution; 2, transverse section magnified to show the cellu- 
lar details, X 90 — note parenchyma distribution; 3, tangential section showing 
shape, size, and nature of xylem rays, X 90; 4, intervascular pitting, X 160; 
5, scalariform perforation plate, X 110. Fics. 6, 7. Wood of Ulmus baileyana: 
6, intervascular pitting < 120; 7, transverse section, X 20—note vessel dis- 
tribution in late wood forming ulmiform bands. 


PLATE II 


Fics. 8-11. Wood of Ulmus baileyana: 8, transverse section slightly magnified 
to show early wood, X 30; 9, transverse section magnified to show fiber struc- 
ture, X 90; 10, tangential section in low power showing shape, size, and distribu- 
tion of xylem rays, X 30; 11, tangential section magnified to show ray structure, 
x 80. Fics. 12-14. Wood of Juglans fryxellii: 12, intervascular pitting, x 160; 
13, transverse section magnified to show structural details, X 60; 14, transverse 
section in low power, X 27 —note parenchyma distribution. 


Priate III 


Fic. 15. Wood of Juglans fryxelli: 15, tangential section in low power, X 60 
—note shape, size, and nature of xylem rays. Fics. 16-19. Wood of Quercus 
sahnii: 16, tangential section, X 60—note part of broad ray and numerous 
uniseriate rays; 17, transverse section magnified to show parenchyma and fiber 
structure, < 85 —also note thick-walled round vessels of late wood; 18, paren- 
chyma with crystals, & 160; 19, transverse section in low power, X 27 — 
note large vessels in early wood and smaller vessels in late wood arranged in 
flame-shaped tracts. Fics. 20-22. Wood of Aesculus hankinsii: 20, transverse 
section highly magnified to show the fiber cells, X 90; 21, intervascular pitting, 
X 240; 22, transverse section in low power to show vessel distribution, X 35. 


PLATE IV 


Fic. 23. Wood of Aesculus hankinsii in tangential section showing uniseriate 
xylem rays, X 90. Fics. 24-27. Leguminoxylon occidentale: 24, transverse sec- 
tion magnified, X 60—note parenchyma and fiber cells; 25, intervascular 
pitting, X 160; 26, tangential section, X 60; 27, transverse section in low 
power, X 26—note vessel and parenchyma distribution. 
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A SYNOPSIS OF THE GENUS COLUMELLIA 
(COLUMELLIACEAE) 


GrEorGE K. Brizicky 


THE GENUS COLUMELLIA was founded by Ruiz and Pavoén in 1794. 
Since 1801, when Ruiz referred the genus to Oleaceae (Jasmineae), the 
relationships of this Andean South American group of three or four woody 
species have been a perplexing problem for several generations of taxono- 
mists. With its peculiar combination of opposite, exstipulate leaves; bi- 
sexual, epigynous flowers; somewhat irregular, sympetalous corollas; two 
stamens with plicate and contorted anthers resembling those of some Cucur- 
bitaceae; two-carpellate, imperfectly two-locular ovaries; and imperfectly 
four-locular capsular fruits, Columellia is indeed a unique genus. It has 
been considered to be related to or has been placed in a whole series of 
families, including the Saxifragaceae, Lythraceae, Onagraceae, Ericaceae- 
Vaccinioideae, Ebenaceae, Styracaceae, Oleaceae, Gentianaceae, Scrophu- 
lariaceae, Gesneriaceae, Loganiaceae, Rubiaceae, and Caprifoliaceae. Al- 
though most recent taxonomists (following De Candolle, 1839) treat 
Columellia as a monogeneric family placed near Gesneriaceae, Wettstein 
(1935) stressed the uncertainty of its position. On the other hand, Sole- 
reder (1899), taking into consideration the anatomy of the genus, thought 
Coliumelliaceae to be closely allied to Saxifragaceae, rather than to Ges- 
neriaceae. 

It is evident that gross morphology alone is inconclusive in solving this 
problem and that more attention must be paid to the anatomical, as 
well as embryological and cytological, characters of the taxa involved. In 
consideration of this, a comparative anatomical and taxonomic study has 
been undertaken by Dr. William L. Stern, Division of Woods, U. S. 
National Museum, Smithsonian Institution, and the author in the hope 
of shedding more light on the problem of the systematic position of 
Columelliaceae. The present study is then to be considered as a taxonomic 
introduction to this work, which is now in progress. 


Columellia Ruiz et Pavon, Fl. Per. Chil. Prodr. 3. pl. 1. 1794, nom. cons. 
prop. 
Uluxia Jussieu, Dict. Nat. Sci. 10: 103. 1818. 


Ramose, evergreen shrubs or trees with shreddy bark; branchlets terete 
or obtusely quandrangular, usually more or less hairy, the internodes 
short. Leaves opposite, crowded, exstipulate simple, + inequilateral, en- 
tire or toothed (teeth and leaf apices gland-tipped), pergamentaceous to 


1 Columellia Ruiz et Pavon, 1794, should be conserved against an earlier homcnym, 
Columella Loureiro, Fl. Cochinch. 85. 17S0 (nom. rejic. vs. Cayratia Jussieu, 1818, 
nom. cons.). See A. A. Bullock, Taxon 9: 221. 1960. 
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coriaceous, with distinct or indistinct lateral nerves, the petiole usually 
short, margined (from the decurrent leaf blade), the opposite bases of 
petioles sheathlike, connate. Inflorescence axillary and/or terminal, basi- 
cally a solitary dichasial cyme (sometimes reduced to a single central 
flower) or a small panicle of dichasia. Flowers bisexual, somewhat irregu- 
lar, epigynous, short pediceled to subsessile, bibracteolate. Calyx tube 
narrowly to broadly obpyramidal or obconical, adnate to the ovary, the 
lobes 4-6 (8?), usually 5, subequal, each tipped with a gland, valvate or 
slightly imbricate in aestivation, accrescent. Corolla yellow, sympetalous, 
somewhat irregular, subrotate to subcampanulate, the tube short, the 
lobes 5 or 6 (82), usually 5, slightly unequal, usually longer than the 
tube, imbricate in aestivation. Stamens 2, very rarely 3, attached at base 
of corolla tube, the filaments short and stout, adnate at base or for 1/3-1/2 
of their length to the corolla tube, dilated at apex into a broad subcircular- 
reniform, sometimes inconspicuously 3—5-lobed, connective on which an 
extrorse, irregularly plicate and contorted anther is borne. Gynoecium 
syncarpous, 2-carpellate. Stigma broad, depressed-capitate, 2- or ob- 
scurely 4-lobed, ending a terminal, relatively short, stout style; ovary 
inferior, imperfectly 2-locular, with numerous anatropous, unitegmic and 
tenuinucellate ovules multiseriately attached to 2 much intruded parietal 
placentae. Fruit an imperfectly 4-locular, obpyramidal, obconical to sub- 
fusiform capsule, dehiscing septicidally into bifid valves; seeds numerous, 
minute, laterally compressed, + oblong, smooth, the endosperm fleshy, the 
embryo minute, straight, axile. 

LECTOTYPE SPECIES: C. oblonga Ruiz et Pavon; see Bullock, Kew Bull. 
14: 41. 1960. 

The genus includes three or four species occurring in the Andean region 


of Ecuador, Peru and western Bolivia at altitudes of from about 1600 to 
3600 meters. 


Morphological notes. In addition to the characteristics given in the 
formal generic description above, a number of other morphological details, 
some of which have been used in the delimitation of species, should be 
given. 

The young branchlets, leaves (especially the lower surface), axes of the 
inflorescences, hypanthia, calyx lobes (at least the outer surface), and 
the exterior surface of the corolla tube usually are sericeous, appressed- 
puberulous, or more or less woolly. There is sometimes a tendency toward 
glabrescence, and rarely these parts are glabrous or subglabrous (Columel- 
lia lucida). The leaf apices and teeth, the bracts, and the calyx lobes 
usually are tipped with a mucro-like gland. 

The data in the literature on the number of perianth parts show some 
discrepancies: calyx and corolla 5-merous (Ruiz & Pavoén, 1794, 1798: 
Fritsch, 1894; Schlechter, 1920); or calyx 5-lobed, but corolla 5—8-lobed 
(De Candolle, 1839; Lindley, 1853; Bentham & Hooker, 1876); or calyx 
and corolla 5—8-merous (Engler & Diels, 1936). In this study only 5- and 
occasionally 6-lobed calyces and corollas and a single 4-lobed calyx have 
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been observed. The calyx lobes themselves are triangular-ovate to oblong, 
0.25—0.5 cm. long, and 0.15—0.3 cm. broad, acutish or obtuse. The tube 
of the corolla varies from 0.15 to 0.55 cm. long, and the lobes are usually 
longer than the tube, more or less semicircular in outline, and 0.3—-0.7 cm. 
long and 0.4-0.9 cm. broad. The diameter of the expanded corolla limb 
varies from 0.8 to 2 cm. 

The stamens are usually two (the only number recorded for the genus), 
and these are alternate with the lateral and posterior (adaxial) corolla 
lobes. In a single flower of Columellia oblonga subsp. oblonga and in one 
of C. obovata, three stamens were present. The position of the extra 
stamen was different in both cases. In a single flower of C. obovata one 
subsessile and one sessile anther (anomaly?) were observed. 

The stamens, with their peculiar plicate and contorted anther, have 
been regarded by some taxonomists as complex structures arising from the 
connation of two or three stamens. However, Van Tieghem (1903), on 
the basis of the anatomy of the stamens, affirmed their simple character 
and assumed a basic number of five stamens and the abortion of three. 

The pollen, as described by Erdtman (1952), is “3-colporate, (oblate-) 
suboblate. Sexine thicker than nexine, rather finely reticulate (muri 
simplibaculate). Ora + circular.” The size of pollen grains varies 
from 25 x 34 pw in Columellia oblonga (Peru, Weberbauer 7791), to 
24 X 31 win C. obovata (Peru, Ruiz & Pavén, 1788), to 22.5 & 29 win 
C. sericea (Peru, Ruiz & Pavén), according to Erdtman (1952). 

Although some authors have mentioned the presence of a nectariferous 
disc (Lindley, 1853; Rusby, 1896), the author could not detect this in the 
dried herbarium. material. The presence of a nectary on the top of the 
ovary is probable, however. 

As mentioned in the generic description, the shape of the capsules in 
Columellia varies from obpyramidal or obconical to subfusiform. The 
subfusiform shape is due to the growth of the top of the ovary after 
anthesis. In Columellia oblonga subsp. sericea, the length of the inferior 
portion of the fusiform capsule (that united with the calyx tube) varies 
from 0.3—0.6 cm., and the length of the superior free part of the fruit 
varies from 0.15—0.7 cm. Since fruits, in general, are very scantily repre- 
sented in the herbarium material, possible specific differences in the shape 
and size of fruits and seeds could not be studied. 

The general anatomy of Columellia, which seems to be fairly uniform 
within the genus, was studied by Solereder (1899) and Van Tieghem 
(1903). The wood anatomy of C. oblonga subsp. sericea was reported on 
by Record and Hess (1943). 


Uses. The very bitter leaves of Columellia oblonga subsp. oblonga and 
C. obovata are used by natives in Peru as an infusion or decoction, some- 
times as a powder, against tertian fever, and also serve as a stomachic 
(Ruiz & Pavén, 1798). The very hard wood of C. oblonga is (or was) 
utilized for manufacturing handles and various utensils in Peru (Ruiz 
& Pavon, Joc. cit.) but only for fuel in Ecuador (Record & Hess, 1943). 
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Key TO THE SPECIES 


A. Leaves pergamentaceous to subcoriaceous, with 5-10 pairs of distinct, as- 
cending lateral. nerves, mostly 3-6 cm. long, conspicuously inequilateral, 
sericeous or appressed-puberulous on the lower surface; flowers usually in 
small panicles; corolla subrotate to subcampanulate; shrubs or trees. ...... 
a eT at eR ee re te Ae erry IY. | Kes tm Pe ey 1. C. oblonga. 

A. Leaves coriaceous, with indistinct lateral nerves, mostly 1-3 cm. long, in- 
conspicuously inequilateral, glabrous or + woolly pubescent on the lower 
surface; flowers in 1-3-flowered cymes; corolla subrotate; shrubs, sometimes 
low. 

B. Leaves glabrous on the lower surface, oblanceolate and/or ovate-cuneate, 
entire or rarely 1- or 2-dentate at apex, 1-3 cm. long. ..... .2. C. lucida. 

B. Leaves pubescent on the lower surface, elliptic-oblong to broad-obovate. 
C. Leaves all entire, subsericeous on the lower surface, elliptic-oblong 

to elliptic-obovate, 0.9-1.3 cm. long; flowers ca. 0.8 cm. in diameter; 

low: eshrubsiya% evicps acs tae crew. meek eed epee: 3. C. subsessilis. 

C. Some or most leaves remotely dentate, densely or sparsely sublanugi- 
nous or subtomentulose on the lower surface, oval, elliptic- to broad- 
obovate, 1-2.7 cm. long; flowers 0.9-2 cm. in diameter. .......... 

Wt hed opie alk Ae ct aaa Oe Ee SPR NPE ne Te 4. C. obovata. 


1. Columellia oblonga Ruiz et Pavon, Fl. Per. Chil. 1: 28. pl. 8, figs. 
a & 1-8. 1798. 


C. arborescens Pers. Syn. Fl. 1: 13. 1805. 


DistriBuTION: Peru, Ecuador, and western Bolivia. 


Key TO THE SUBSPECIES 


A. Leaves glandular-serrulate to -serrate, at least toward apex, appressed- 
puberulous on the lower surface; corolla subrotate, the tube (0.15)0.2—-0.3 
cm. long, as long as or shorter than calyx lobes; staminal filaments adnate 
to corolla tube only at base. 

B. Leaves glandular-serrulate toward the apex (rarely entire), oblong, ellip- 
tic or oblanceolate-oblong, 3-4.5 cm. long, obtuse, rarely acute; corolla 
tube appressed-puberulous externally. .............. la. subsp. oblonga. 

B. Leaves glandular-serrate from near middle to apex, elliptic to elliptic- 
oblong, 4-6 cm. long, acute or obtuse; corolla tube nearly glabrous ex- 
ternallyc i= o25. 9 Bohs oe pec ee ner ee ae 1b. subsp. serrata. 

A. Leaves entire, rarely with a few teeth near apex, usually densely sericeous on 
the lower surface (very rarely appressed-puberulous), oblanceolate to elliptic- 
obovate, (1.6)3-5.2 cm. long and 0.5-2.3 cm. broad, usually acute; corolla 
usually subcampanulate, the tube (0.3)0.4-0.55 cm. long, appressed-pilose 
externally, mostly longer than the calyx lobes; staminal filaments adnate to 
corolla tube for 1/3-1/2 of their length. .............. lc. subsp. sericea. 


la. Columellia oblonga subsp. oblonga (Type: Pillao, Ruiz & Pavén). 


Peru. Amazonas: Chachapoyas, Mathews 1319 (Ny). HuAnuco: Pillao, 
Ruiz & Pavoén (¥, isotype) Pillao on the side of river Chaglia-monte, alt. 2700 
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m., Woytkowski 34067 (r, Mo). AyacucHo: La-Mar, between Tambo and 
Apurimac, way of Osno, alt. 2900-3000 m., Weberbauer 5584 (GiicHus)): 
Cuzco: Urubamba, Machu Picchu, alt. ca. 2100 m., Cook & Gilbert 850 (us), 
alt. 2000 m., Vargas 7408 (us), Machu Picchu y Huayana Picchu, 2400 m., 
Scolnik 830 (Ny); Quispicanchi, Marcapata, Weberbauer 7791 (a, F, MO, US); 
San Miguel, Urubamba Valley, alt. ca. 1800 m., Cook & Gilbert 1749 (us). 
Ecuador. Azuay: Eastern Cordillera, 1-8 km. north of the village of Sevilla de 
Oro, alt. 2400-2700 m., Camp E-4461 (cH, Nv, v). 


This subspecies has usually been described as a shrub or small tree 
up to 6 m. high. Camp, however, collected his herbarium specimen from 
a tree 20 m. tall. In a field note with this specimen he says, ‘“‘This species 
flowers when quite young, specimens seen in the region in full flower and 
only 1 meter high; it is fairly abundant on cut-over and burned areas 
which are regenerating (probably from root-sprouts) where it might be 
taken for a shrub; also seen in forested areas, the tree easily detected 
by the irregular contour of the trunk and shreddy bark, one patriarch 
seen along this same quebrada at about 8000 ft. elev. with a trunk diam. 
of nearly 2 meters (the top broken out of this tree and so no estimate 
can be given of the maximum height). Camp’s collection, the first of 
subsp. oblonga from Ecuador, is also interesting as it represents a form 
of the subspecies with predominantly entire leaves intermixed with two- 
to-few-dentate leaves. In this character the form approaches subsp. sericea. 
There are no grounds, however, for a supposition of hybridization (at least 
recently), for no specimens of the latter subspecies have been seen or re- 
corded from Prov. Azuay. Furthermore, our knowledge of variations of 
subsp. oblonga (even on individual trees) is very limited. Camp’s field 
note suggests a further source of variation, regeneration from the root 
sprouts, which could result (at least on younger plants) in larger, perhaps 
more dentate and more densely pubescent leaves and larger flowers than 
in plants grown from seeds or in adult specimens. In addition, Mathews 
1319 seems to be intermediate between this subspecies and subsp. sericea. 

In Ruiz’s Travels (1940) this subspecies is mentioned as Columellia 
corymbosa. 


1b. Columellia oblonga subsp. serrata (Rusby) Brizicky, stat. nov. 


C. serrata Rusby, Mem. Torrey Bot. Club 6: 93. 1896. (Type: Miguel Bang 
1172). 


Bolivia. CocHABAMBA: Espirito Santo, Miguel Bang 1172 (ny-holotype; A, 
F, MO, US-isotypes). 


The type locality, Espirito Santo, is in the “yungas” floristic region at 
an altitude of ca. 1600 m. (Herzog, 1923). Unfortunately, the specimen 
Herzog 2240, (““Baumstrauch im Gebiisch iiber Incacorral, ca. 2700-2800 
m.”) reported by Herzog (1915) as Columellia serrata has not been seen. 
Schlechter (1920) says regarding the specific differences between C. serrata 
and C. oblonga, “Bei naherem Vergleich der Art mit C. oblonga Ruiz & 
Pav. zeigt sich, dass beide recht nahe verwandt sind. Ich halte sie hier 
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getrennt, weil bei C. serrata Rusby die Blatter meist deutlich grosser und 
die Bliiten fast kahl sind, wahrend die letzteren bei C. oblonga Ruiz & 
Pav. aussen nach dem Grunde zu ziemlich dicht, wenn auch sehr kurz 
behaart sind. Ausserdem scheinen bei C. serrata Rusby die Friichte mehr 
denen der C. sericea H. B. & Kth. zu ahneln.”” These differences by them- 
selves can hardly be considered of specific significance. Furthermore, the 
density of pubescence of the corolla tube in C. oblonga subsp. oblonga 
varies to a considerable degree; for instance, the corolla tube in Weder- 
bauer 5584 is almost glabrous outside, as is that of C. serrata. The latter 
is therefore reduced to subspecific rank under C. oblonga. 


lc. Columellia oblonga subsp. sericea (HBK.) Brizicky, stat. nov. 


C. sericea HBK. Nov. Gen. Sp. 2: 388. 1818 (Type: Humboldt & Bonpland 
3204). 

C. Mathewsii Briquet, Ann. Conserv. Jard. Bot. Genéve 20: 367. 1919 (TypE: 
Chachapoyas, Mathews). 


VERNACULAR NAMES: quinoa blanca (Rimbach), pantza (Acosta Solis). 


Ecuador. Impapura: Lake Cuicocha, alt. 3200 m., Penland & Summers 738 
(coco, F), Lake Cuicocha, Islote Chica, alt. 3150 m., Aspland 7152 (wus); 
small wooded quebrada 5 km. north of Hacienda Pinnon, Wiggins 10351 (ps). 
Picuincua: M. Pichincha, Ed. André K-588 (#); Malchingui to Pomasqui, 
alt. 3000-3600 m., A. S. Hitchcock 20846 (GH, Ny, US); Valle Seco del Pedregal, 
Cord. Oriental, Acosta Solis 8433 (¥); Pifo, Mille 409 (us); Pululahua, Ed. 
André 3798 (#, GH); Calacali, Western Andes of Quito, 3000-3300 m., Lehmann 
4685 (F, US); Bajada de Lache a Condor Machay, Cord. Occ., alt. 2700-3100 m., 
Acosta Solis 7004 (¥); San Juan, Cord. Occidental, Camino a Saloya, alt. 3200 
m., Acosta Solis 10860 (fF). TuNcuRAGUA: Tunguragua, Humboldt & Bonpland 
3204 (¥-photograph of type; F, US-isotypes); vicinity of Patate, hacienda Leito, 
alt. ca. 2900 m., Asplund 8003 (us). BoLivar: Pajonal de Gualicon Loma, Cord. 
Occ. alt. 3240 m., Acosta Solis 6264 (F). CHtmBorAzo: Ad pagum Penipe, in 
reg. arborea superiori, alt. 2500-3200 m., Mille 44 (a, GH, Ny, US). Guayas: 
Guayaquil, in 1804, “Ruiz & Pavon” (F”). Loco speciali haud indicato: Andes 
of S. America, U. S. Dep. Agr. (us); in Andibus Ecuadorensibus, Spruce 5468 
(cH); Jameson (US 534966, US 534793, US 534794); inner slope of Eastern 
Cordillera, alt. 3400 m., in bush, Rimbach 30 (¥, GH, ¥), 3200 m., Rimbach 81* 
(a), Rimbach 122 (a, F, v), Rimbach 227* (us). Peru. Amazonas: Chacha- 
poyas, Mathews s.n. (c-holotype of C. Mathewsii). 


Subspecies sericea seems to be very distinctive, not only in its usually 
entire, very rarely toothed leaves, which are sericeous on the lower surface 


* The label on this specimen bears the heading: “Ex antiquo herbario generali Her- 
barium Horti Botanici Matritensis Plantae a ‘Ruiz et Pavon’ in vice-regno Peruviano 
et Chilensi lectae. (1778-1788).” On the label is typed: “Guayaquil in 1804.” This 
specimen was apparently collected by Juan Tafalla, a disciple of Ruiz and Pavén, 
who at about that time collected cinchonas for Ruiz in the mountains of Guayaquil, 
Loja, and Quito, Ecuador. (See Ruiz, 1801.) 

*Most probably Rimbach 81 and Rimbach 227, cited here, are misnumbered and 
are, in fact, Rimbach 122, since in Rimbach’s original list of field numbers in the 
Record Memorial Collection, Yale University, Rimbach 81 is Nicotiana Pavonii Dunal, 
and Rimbach 227 represents Siparuna echinata (HBK.) A. DC. 
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(e.g., Hitchcock 20846, and specimens cultivated in the 1870's at Kew, 
according to Schlechter, 1920), but also in its usually subcampanulate 
corollas, the tube of which usually is longer than the calyx lobes Two 
exceptions, however, are Mathews s.n. (type of C. Mathéwsii) and Asplund 
8003, which have subrotate corollas with tubes shorter than the calyx 
lobes. (The former specimen also has leaves appressed short-pilose on 
the lower surface.) The diameter of the expanded corolla limb varies from 
one to two centimeters. The occurrence of such individuals transitional 
in these respects between Columellia oblonga and C. sericea is ample 
reason to regard both as components of a single species. 


2. Columellia lucida Danguy et Chermezon, Bull. Mus. Hist. Nat. 
Paris. 28: 436. 1922 (Type: Rivet 740). 


C. Andrei Macbride, Publ. Field Mus. Bot. 4: 92. 1925 (Type: Ed. André 
K-1444). 
Ecuador. Loja: Chuquiribamba, André K-1444 (g-holotype of C. Andrei; 


GH-isotype). Cerro de St. Barbara,* André 4500 (¥, GH, NyY-paratypes of 
C. Andrei). 


The type of Columellia lucida was collected in Cerro Narihuifia (‘‘Nairi- 
huifa’’), alt. 3900 m., in the Cordillera Chanchan, Prov. Azuay, Ecuador. 
Although the type has not been examined, the author has no doubts of the 
conspecificity of C. lucida and C. Andrei. The descriptions of the two are 
almost identical. The only differences noted are ovate-cuneate leaves, 
1—1.5 cm. long, sometimes one- or two-dentate at the apex, in C. lucida, 
as against oblanceolate leaves, 1.5—3 cm. long and completely entire, in 
C. Andrei. If one takes into consideration that many smaller (younger) 
leaves in C. Andrei may be described as ovate-cuneate and that the pres- 
ence of one or two teeth can hardly be an essential character, especially in 
this genus, the differences between these taxa appear to be insufficient for 
the recognition of two separate species. Their occurrence in adjacent prov- 
inces of Ecuador should also be noted. Leaves of this species (as repre- 
sented by C. Andrei) strikingly resemble those of some specimens of C. 
oblonga subsp. sericea (e.g., Acosta Solis 8433, Asplund 7152, Penland & 
Summers 738), but are smaller than in the latter (as are the flowers) and 
are glabrous on the lower surface. When more material is available C. 
lucida may eventually prove to be treated best as a variety of C. oblonga 
subsp. sericea. 


3. Columellia subsessilis Schlechter, Notizbl. Bot. Gart. Berlin 7: 356. 
1920 (Type: A. Stubel 45a). 
Bolivia. Yungas, mas ariba de Taca, 3300 m., Dec. 10, 1876, A. Stubel 45a 
(F-photograph). 


*The exact geographic position of this locality has not been determined. It is 
possible, however, that Cerro St. Barbara is in Prov. Loja, since André 4446 (Passi- 
flora sanguinolenta Mast.) was collected near Chuquiribamba. 
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This species is known only from the type collection. According to 
Schlechter (1920), Columellia subsessilis differs from C. obovata in the 
habit, being a low dense shrub; in the relatively narrow, apparently always 
entire leaves subsericeous on the lower surface; in the subsessile inflores- 
cences and flowers; in the smaller corollas; and in, the remarkably short 
filaments of the stamens. These differences do not seem to be sharp ones 
and are hardly of specific significance, with the possible exception of the 
small flowers and very short filaments of the stamens. However, the con- 
stancy of the two latter characters as well as that of the entire leaves, 
in C. subsessilis has to be proved on more abundant herbarium material of 
this species. The available flowers of the taxa concerned are very few, 
but it may be noted that one subsessile anther (with a very short filament) 
and one completely sessile anther were observed in a flower of C. obovata, 
suggesting that this may not be a constant feature. 

At present, Columellia subsessilis appears to be a variant of C. obovata, 
but for lack of conclusive data it is here maintained at specific rank. 


4. Columellia obovata Ruiz et Pavon, Fl. Per. Chil. 1: 28. pl. 12, figs. 
b & 1-7. 1798 (Type: Tarma, Ruiz & Pavén). 


C. frutescens Pers. Syn. Pl. 1: 13. 1805. 
C. Weberbaueri Schlechter, Notizbl. Bot. Gart. Mus. Berlin 7: 358. 1920 
(Type: Weberbauer 3241). 


VERNACULAR NAMES: ulux, ullus, usluss (Columellia obovata); zoce- 
tullu, tsoquetullu (C. Weberbaueri). 


Peru. JuNIN: Tarma, Ruiz & Pavoén (¥-photograph of type; isotype). AN- 
CASH: Prov. Huaylas, encima de Caraz, Cordillera Blanca, alt. 3200-3400 m., 
Weberbauer 3241 (¥-photograph and small fragment of type of C. Weber- 
baueri; G-isotype; UsM-small fragment of isotype); Prov. Huaras, circa 4 La 
Portada (Pacharuri), Cordillera Blanca alt. 3500 m., Velardo Nunez 3309 (us). 
AyacucHo: Prov. Huamanga, between Totorabamba and Ayacucho, alt. 3300— 
3400 m., Weberbauer 5482 (F, GH, US). Cuzco: Valle del Urubamba, Ollantai- 
tambo, alt. 2800 m., Herrera 3451 (F). UrupamBa: Pumahuanca, alt. 3100- 
3500 m., Vargas 7693 (Mo, US). Without indication of locality, but probably 
in the vicinity of Tarma: Dombey (Ff, us). 


According to Schlechter (1920), Columellia Weberbaueri differs from 
C. obovata in the more vigorous growth; larger, dull leaves; more villous 
pubescence; larger flowers, ca. 2 cm. in diameter; and narrower calyx 
tube. None of these characters seems to be of specific significance. The 
dullness of leaves in C. Weberbaueri, as a characteristic of the living plant 
(rather than of a dried herbarium specimen) should be questioned. Weber- 
bauer 3241, identified by Schlechter as C. obovata, has mostly dull (but 
some lustrous) leaves, but in all other respects it looks very much like a 
“‘small-leaved” C. Weberbaueri. The difference between “sublanuginous” 
pubescence in C. Weberbaueri and ‘“‘subtomentulose” in C. obovata is not 
a sharp one, and both kinds are certainly only small variations of the same 
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basic type. Although the type specimen of C. Weberbaueri possesses some- 
what larger flowers than C. obovata, another specimen from the same 
geographic and floristic province (Cordillera Blanca) which agrees with 
C. Weberbaueri in its vegetative organs, has flowers about 1 cm. in diam- 
eter. Thus, with these indications of intergradation, C. Weberbaueri is re- 
duced here to the synonymy of C. obovata. . 

The presence of at least a few dentate leaves has been given as a diag- 
nostic character of Columellia obovata, but the species certainly is very 
variable, especially in dentation and pubescence of leaves. Although the 
type specimen of C. obovata shows a few leaves with dentate margins, 
there are other herbarium specimens in which it is hard to find a single 
leaf with even one or two teeth. On the other hand, specimens in which 
most of the leaves are markedly toothed have been seen. Thus the species 
either includes populations with entire, intermediate, and toothed leaves, 
or the dentation of leaves is an inconstant character reflecting the local 
ecological conditions. It seems likely that variation in size of the flowers 
is connected, not only with local ecological conditions, but also with the 
season. Perhaps in the future the necessity of subdividing C. obovata 
into two or more morphological-ecological types will be clear, but on the 
basis of the present data the recognition of any intraspecific categories 
within this species would be groundless. 

This species is referred to as Columellia ovalis in the translation of 
Ruiz’s Travels (1940). 


CONCLUSIONS 


The genus Columellia does not appear to be polytypic. Variations, 
although not uncommon, are usually limited to the vegetative organs, 
especially the leaves (size, degree of dentation, and pubescence). When 
variations involve the flower, as in C. oblonga subsp. sericea (subcam- 
panulate corollas, stamens adnate to the corolla tube for 1/3—-1/2 their 
length), they do not seem to be entirely fixed. Only four of the nine 
species which have been described are recognized in the present paper, and 
it is likely that still further reductions will be necessary as more adequate 
material is obtained. Field studies accompanied by extensive collecting, 
experimental cultures, and cytogenetic investigations are desirable to 
check the outlines of the taxonomy of the genus as proposed in this study, 
which has, of necessity, been based entirely upon scanty herbarium ma- 
terial. 


The author is grateful to the curators of the herbaria cited in this paper 
(with the abbreviations of Lanjouw and Stafleu, Index Herbariorum, ed. 
3) for their kindness in lending specimens which have been essential to 
this study. He is indebted to Dr. W. L. Stern, curator of the Division of 
Woods of the Smithsonian Institution, Washington, D. C., formerly curator 
of the S. J. Record Memorial Collection, Yale University, New Haven, 
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Connecticut; to Dr. R. A. Howard, director of the Arnold Arboretum; 
and to Dr. C. E. Kobuski, curator of the Arnold Arboretum and Gray 
herbaria, for arranging loans of specimens from herbaria in this country 
and abroad. 
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